Historic, Archive Document 


Do not assume content reflects current 
scientific knowledge, policies, or practices. 





STATE OF CONNECTICUT. 


——- @ 4 » ——- 


NINTH ANNUAL REPORT 


eee ae Ey 


STORRS 


Acrtcurronat Exearinent Staion, 


STORRS, CONN. 


I 1 = a 
ae 1: FP : 
1X0 pp: SS ae 


=, 2ZOs- 


Printed cee Order of ate eGeieral Assembly. 


——— ¢ $e —_~ 


MIDDLETOWN, CONN.: 
PELTON & KING, PRINTERS AND BOOKBINDERS. 
1897. 


PUBLICATIONS OF THE STATION. 


a a 


The publications of the Station will be mailed to all citi 
zens of Connecticut, and to Granges, Farmers’ Clubs, and 
other agricultural organizations who ask for them, and so 
far as circumstances permit, to those who apply from other 


States. Requests for publications should be addressed to 
STORRS AGRICULTURAL 3 
EXPERIMENT STATION 
TOLLAND COUNTY. _ STORRS, CONDE 





CONTENTS. 


PAGE. 

Trustees of the Storrs College, - - - - - - peg Re 
Officers of the Station, -  - - - - - - - - - 4 
Report of the Executive ‘Committee, - - - - - - - 5 
Report of the Treasurer, - : E 2 é . J : . 6 
Report of the Director, - - 4 UG. 2 eZ a : 7 
Bacteria in the Dairy, XI.—Flavor, Aroma, Acid, - = ‘ - a as 

Bacteria in the Dairy, XIJ.—Bacillus Acidi Lactici and other Acid 
Organisms, - - - - - - - ° - - - - 44 
Feeding Stuffs and Feeding—Rations for Milch Cows, - - - - 53 

Investigations on Metabolism in the Human Organism—Experiments on 
the Income and Outgo of the Body with Different Food Materials, - 85 
Studies of Dietaries, “ - - tO pas - : . 2 - I17 
Experiments on the Digestion of Food by Men, - - - - - 163 
Digestion Experiments with an Infant, - - - - - - - I85 
The Digestibility of Different Classes of Food Materials, - - - - 186 
Average Composition of American Food Materials, - - - : - 190 
Proportions of Digestible Nutrients in Food Materials,  - - - - 199 
Field Experiments with Fertilizers, - - - - - - - - 205 
Irrigation in Connecticut, - - - - - : - - - 216 
Digestion Experiments with Sheep, - - - - - ce - 246 
Analyses of Fodders and Feeding Stuffs, - - - - - ee 7,3 


Meteorological Observations, - - - - - - - - - 288 





BOARD OBIE Gis Tiss 


Oe 


STORRS AGRICULTURAL COLRR a 


His EXCELLENCY LORRIN A. COOKE, 


Won. E. SIMONDS, BS GOLe: 
Hae MILES, J. M. Hupparp, 
ANDREW HYDE, , iS; AENRY, 
Wirals Trou | S. W. JOHNSON. 





OFPPICERS OF LEE. Sahai ise 


EXECUTIVE COMMITTEE. 





T. 'S. GoLD, West Cornwall, ) (Of the Board of Trustees of 
J. M. Huspsarp, Middletown, | ; ; { Storrs Agricultural College. 
B. F,. Koons, Storrs, - - - - - - President of the College. : 

TREASURER. | 

HENRY C. MILeEs, Milford. 
STATION STAFF. 

Wn. ATWATER, o/= 7 2 < : < = : : Director. 
er ELE LPS, - - - - - Vice-Director and Agriculturitst. 
JAMES S. JUDD, - - - . - - - - - Secretary. 
ERANCIS G,. BENEDICT,’ (=~ ohlaces 1/25 elt) kee 
Wives. PENTECOST, \= age - - - - Assistant Agriculturist, 
WILLIAM J. KARSLAKE, - - - - - - - Assistant Chemist, 





The Station is located at Mansfield (P. O. Storrs), as a 
department of the Storrs Agricultural College. "The chemical 
and other more abstract research is carried out at Wesleyan 
University, Middletown, where the Director may be addressed. 





Report of the Executive Committee. 
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To flis Excellency Lorrin A. Cooke, 


Governor of Connecticut: 


In accordance with the resolution of the General Assembly 
concerning the congressional appropriations to Agricultural 
Hxperiment Stations, and an Act of the General Assembly 
approved March 1g, 1895, relating to the publication of the 
Reports of the Storrs Agricultural Experiment Station, we 
have the honor to present herewith the Ninth Annual Report 
of that Station, namely, that for the year 1896. : 

The accompanying report of the Treasurer gives the details 
of receipts and expenditures. We refer you to the report of 
the Director and his associates for a statement of the work 
accomplished during the past year. We are confident that the 
funds have been wisely expended and that the work accom- 
plished is such as will result in great benefit to our agricultural 


‘and other interests. 


Mr. Chas. D. Woods, Vice-Director of the Station, resigned 
his position July 1, 1896, to accept that of Professor of Agri- 
culture and Director of the Experiment Station of the Maine 
State College. Professor Woods has been corfhected with the 
Storrs Station since a short time after its organization. His 
services have been most valuable and highly appreciated. 
While the Executive Committee share with the other friends 
of experiment stations in Connecticut the sense of the loss to 
our State, they are at the same time glad that the field of labor 
to which he has been called should be one of so large useful- 
ness and honor. 


Respectfully submitted, 


Toes GOLD: B ye 
HM MUIBEAR De uy honin 

Committee. 
Bi INS: 
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Report of the Treasurer 
FOR THE FISCAL YEAR ENDING JUNE 30, 1806. 


The following summary of receipts and expenditures, made 
out in accordance with the form recommended by the United 
States Department of Agriculture, includes, first, the Govern- 
ment appropriation of $7,500, and, secondly, the annual appro- 
priation of $1,800 made by the State of Connecticut, together 
with various supplemental receipts. These accounts have been 
duly audited according to law. 


GOVERNMENT APPROPRIATION—RECEIPTS AND EXPENDITURES. 


RECEIPTS, 
United States Treasury, - ~ ¢ ° : : : - $7,500 00 
EXPENDITURES. 

Salaries, - : = . ° : . : - - - $4,844 96 
Labor, - - - - - - - - - - - 482 09 
Publications, - - - - - - - = : 4 . 183220 
Postage and stationery, - - - - - - - E - 43128, 
Freight and express, = - - - - - - - - - III 50 
Heat, light, and water, - - : - - - - - - 352 97 
Chemical supplies, - - - - - - - 367 42 
Seeds, plants, and Pees supplies, - ~ - - - - 53.35 
Fertilizers, - - - - - - - - 105 48 
Feeding stuffs, “ - - - - - - - - = 122 66 
Tools, implements, and machinery, - - - - - - 22 85 
Furniture and fixtures, - - : - - - - - - 87 83 
Live stock, - - - - - - - - - - - 79 12 
Traveling expenses, - - - - - - - - - 164 46 
Contingent expenses, - - - - - - - - - 10 00 
Building and repairs, - - - - - - - - - 80° 80 

Total, - - - - 2 - - = - - $7,500 00 


STATE APPROPRIATION AND SUPPLEMENTAL RECEIPTS— 
RECEIPTS AND EXPENDITURES. 


RECEIPTS, 

State of Connecticut, - = : : : = J - $1,800 00 
Sale of produce, - - - - ‘ - : q iz 52 10 
Miscellaneous receipts, including sale of apparatus, * - - - 762 49 

Total, - = - - - - - - - - $2,614 59 

EXPENDITURES, 

Salaries, - - - - : = . . - = - $902 38 
Dabor.. = - - - - - - - - - - - CRA Be 2 
Chemical supplies, - : - - x s 2 J : I15 77 
Bacteriological investigations, - = s - = = 4 400 00 
Seeds, plants, and a ISS - - - - : . 233 76: 
Fertilizers, - . “ é z - . Ss 88 89 
Furniture and Gerired: - - a * nd 7 - 5 a 22 37 
Scientific apparatus, - - = = é : s 2 E 640 31 

Total, om ta 2 = = = Gal = -~ - $2,614 59 


HENRY C. MILES, Zveasurer. 


Report of the Director for the Year 1806. 


The principal subjects of inquiry and lines followed during 
the past year may be concisely stated as follows: 


METEOROLOGICAL OBSERVATIONS. 


These have been continued during the past year, as pre- 
viously, at Storrs, where records have been made of tem- 
perature, barometric pressure, wind velocity, humidity, raiffall, 
and snowfall. In addition, records of rainfall during the eTow- 
ing season have been made in other places in the State by 
farmers who have cooperated with the Station. 


IRRIGATION. 


A new line of experimenting was undertaken in 1895, in the 
form of tests of the effects of irrigation upon the production of 
strawberries. ‘The work was done in codperation with one of 
the prominent strawberry growers of the State, Mr. J. C. Eddy, 
of Simsbury, Conn., upon his own fields. ‘The results were 
very successful and tend to confirm the impression that irriga- 
tion, not only of small fruits, but of other crops as well, may 
prove a much greater aid in their cultivation than has here- 
tofore been supposed. 

Owing to severe winter killing of the plants, and to large 
rainfall during the strawberry season, these experiments were 
of little value the last year. It is hoped to continue them, 
however, another season. 


FIELD EXPERIMENTS. 

‘These have been with fertilizers and with forage plants. 

The experiments with fertilizers have been conducted mainly 
at the Station. Their object has been to study the influence of 
the different materials upon the amount and the feeding value 
of the crop; especially the influence of nitrogenous fertilizers 
upon the protein of the crop. ‘The results indicate more and 
more clearly the advantage of nitrogen in fertilizers for grasses. 
and cereals, and the bad economy of its use for legumes. 
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The experiments with forage plants have been practical tests 
of the growth of the crops in the field and the milk production 
when the fodder is eaten by cows. Here, again, the advantage 
of diversified forage crops to supplement pasture feed in Con- 
necticut is brought out more and more clearly and fully with 
each year’s experience. 


BACTERIOLOGY OF DAIRY PRODUCTS. 


The work on the bacteriology of dairy products has been 
continued during the past year by Prof. Conn and his assistant, 
Mr. Esten. It has been devoted mainly to the further investi- 
gation of the important subject of cream ripening. This part 
of the process of butter-making is now known to be one of 
fermentation, produced by the bacteria in the cream. ‘These 
bacteria come from various sources in the dairy and the barn. 
The especial object of the experiments of the last year has 
been to get light upon the kinds of bacteria that are common 
in Connecticut dairies, their sources, and the influence they 
exert upon butter when they chance to get into the cream and 
grow during the ripening process. It is hoped that the investi- 
gations in this direction will bring information that will ma- 
terially aid the butter-maker to exercise a better control over 
this important phase of his industry than he has been able to 
do in the past. 


FOOD AND NUTRITION OF DOMESTIC ANIMALS. 


The investigations have included: Analyses of feeding stuffs 
with determination of their fuel value; Studies of rations fed 
to milch cows on dairy farms; Digestion experiments with 
sheep. | 

The analyses of feeding stuffs have been largely in connection 
with the feeding experiments with cows and sheep. Analyses 
have also been made of plants and crops grown on plots of land 
receiving different amounts and kinds of fertilizers. The num- 
ber of analyses of feeding stuffs during the year is not far 
from one hundred and fifty. 

The studies of rations fed to mitch cows have been carried out 
on two dairy farms. ‘The methods were like those followed in 
previous years. A representative of the Station visited each 
farm. A certain number of cows (about a dozen) were set 
aside for the experiment, which continued, in each case, from 








REPORT OF THE DIRECTOR. 9 


four to twelve days. All the fodder of each kind fed the cows 
during the period and the milk given by each cow was weighed. 
Samples of the feeding stuffs were taken and sent to the Station 
for analysis, and the amount of fat in the milk was ascertained 
by the Babcock test on the ground. ‘The results of these 
observations accord with and confirm still more strongly the 
doctrine which the Station has maintained —that most Con- 
necticut farmers feed too wide a ration to their cows; that is, 
the feeding stuffs contain relatively too little nitrogenous 
matter. 

It is worthy of note, however, that one of the farmers visited 
this year was feeding a ration as high in protein as that pro- 
posed by the Station and even higher, yet when this :ration 
was made still more nitrogenous, the result, so far as the short 
experiment indicated, was pecuniarily profitable. 

Such information as is obtained in these experiments has an 
especial value to other farmers; being the fruit of the actual 
experience of one of their fellow-workers, it has a meaning for 
them which it would not have if it came only from the Station. 
At the same time the Station experimenters reap a benefit from 
the direct work with the farmer, in that they learn better what 
are his wants and how to meet them. This cooperation be- 
tween the Station and the practical farmer is a means of 
making direct practical application of the results of scientific 
research; it brings new information, and it is one of the most 
effective means for the dissemination of knowledge. Thus, in 
a three-fold way, it benefits the public, which the Station is 
endeavoring to serve. 

The digestion experiments with sheep are similar to those pre- 
viously reported. Their object is to learn what proportions of 
the nutritive ingredients of different feeding stuffs are actually 
digestible. As the results of such experimenting in Europe 
and in this country accumulate it becomes more and more 
probable that the different ruminants, as cows, oxen, sheep, 
and goats, digest very nearly the same amounts of protein, 
carbohydrates, and other nutritive ingredients from the same 
kinds of feeding stuffs. Hence the experiments on the diges- 
tion of different materials by sheep may be taken as an approx- 
imate measure of the digestibility of the same materials by 
milch cows. ‘The greater convenience of handling sheep in _ 
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such experiments is the reason for using them instead of cows 
for testing the digestibility of some of the feeding stuffs of 
importance in the State. The experiments of the past year 
have been chiefly with green fodders and hays. In two cases 
milling products were fed in addition to the hay. 


FOOD AND NUTRITION OF MAN. 


The inquiries under this subject have been conducted for the 
most part in codperation with the United States Department of 
Agriculture. ‘They have included: Analyses of food materials; 
Studies of dietaries of families; Experiments upon the loss of 
nutritive material from potatoes when they are cooked in 
different ways; Digestion experiments with men; Experiments 
with men in the respiration calorimeter. 


Analyses.—Not far from fifty analyses of specimens of arti- 
cles used for the food of man have been made in connection 
with the dietary, digestion, and respiration experiments. 

The experiments on the cooking of potatoes were intended to 
get light on the amounts of nutriment which are lost from 
potatoes in boiling in different ways. When boiled with the 
skins on the loss was too small to be of consequence, but when 
boiled with the skins off the loss was quite considerable. 

The dietary studies are made by weighing, measuring, and 
analyzing the food purchased and consumed by a given 
number of people—a family for instance—during a certain 
number of days, and noting how the amounts and nutritive 
ingredients of the food compare with physiological standards, 
and how the actual cost compares with what the same amount 
of nutriment would have cost in more economical forms. ‘The 
present Report includes studies of three dietaries of farmers’ 
families, one of the Station agriculturist’s family, two of poor 
families in Hartford, and three others which can be assigned 
to no particular class. ‘These studies as they accumulate are 
useful, not only in bringing out the peculiarities of dietary 
usage of the different families, their methods of purchase and 
preparation of foods, the amounts of food wasted, and thé ways 
in which improvements could be made to the advantage of both 
health and purse, but also in throwing light upon the general 
habits of living of people of various classes, such as farmers, 
mechanics, and those in business and professional life. The 








REPORT OF THE DIRECTOR. 1h 


food of people of the poorer classes is also being made a 
subject of study with results that are likewise extremely inter- 
esting. 


Digestion Experiments.—A large number of experiments have 
been made in Europe, and of late in this country, to test the 
digestibility of various feeding stuffs by domestic animals. It 
is certainly as desirable to understand the digestibility of the 
food used by man as that of feeding stuffs used by domestic 
animals. Within a few years past a considerable number of 
digestion experiments with men, and some with children, have 
been made in European laboratories. In connection with the 
series of food investigations to which those carried on by the 
Storrs Station belong, such experiments have been undertaken 
in several institutions in this country. A considerable number 
have been carried out in connection with the Storrs Station 
during the past two years. 

Twelve such experiments made with healthy men, by the 
Station alone or in cooperation with the Department of Agri- 
culture, are described in the present Report. The method fol- 
lowed in these experiments is similar to that used in the tests 
of the digestibility of feeding stuffs by animals. It consists in 
weighing and analyzing both the food eaten and the undigested 
residue, and thus obtaining a measure of the proportions of the 
different nutritive ingredients of the food actually digested by 
the persons under experiment. 


Compilation of the Results of Analyses and of E-xperiments on 
Digestibility of Foods.—In the Report of this Station for 1891, 
tables were given showing the results of analyses of American 
food materials. ‘These included several hundred analyses of 
which the larger part had been made by the writer and his 
associates. Since that time the number of analyses has rapidly 
increased. A compilation lately made in behalf of the Office 
of Experiment Stations of the United States Department of 
Agriculture includes analyses of nearly 3,000 specimens of 
animal and vegetable food materials. This compilation is 
intended to include all of the analyses of such products that 
could be found up to July 1, 1896, exclusive of dairy products, 
sugars, and some other materials of which the number of 
analyses, especially for commercial purposes, is large, and the 
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results are so difficult to obtain as to make a complete com- 
pilation difficult, as indeed it is unnecessary. Of the analyses 
thus compiled not far from 1,300 have been made by the writer 
and his associates, and not far from 700 by others in connection 
with the series of cooperative food investigations now being 
conducted under the auspices of the Department of Agricul- 
ture. ‘The larger number of the rest were by the Division of 
Chemistry of the United States Department of Agriculture, 
which has also made great numbers of analyses of the classes 
of food materials of which the complete compilation was, not 
attempted for the reason just stated. 

We have thus to-day a reasonably fair idea of the chemical 
composition of the food materials most commonly used in the 
United States. Their nutritive value, however, depends upon 
not only the proportions of the different nutrients—protein, fats, 
carbohydrates, etc.—but also upon the amounts of those nutri- 
ents which can be actually digested and used by the body for 
its nourishment. The object of the digestion experiments 
above referred to is to get light upon this latter factor—that of 
the nutritive value. 

Another factor of the value of food for nourishment is what 
is called the fuel value, z. e., the amount of potential energy in 
the food which can be transferred in the body into heat, mus- 
cular power, or other forms of energy. 


Table of Percentages of Digestible Nutrients and Fuel Values 
of Foods,—While the information on these latter and kindred 
subjects now available is far from sufficient to show the exact 
values of different kinds of food for the nourishment of the 
body, enough has already accumulated to warrant the prepara- 
tion of a reference table giving the estimated average amounts 
of actual digestible nutrients in a number of the materials most 
commonly used for the nutrition of man. Such a table has 
been prepared and is printed in the present Report. As ex- 
plained in the description which accompanies this table, the 
figures are not given as showing exactly the average composi- 
tion, digestibility, and nutritive value of each class of food 
materials. Many more analyses and experiments will be 
needed to show the range of variation and the actual averages 
of both composition and digestibility. The estimates of fuel 
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values likewise are only approximations. Much more experi- 
menting will also be needed to show, as accurately as we need 
to know, just how the different ingredients of the several classes 
of food materials are used in the body, and just what are the 
requirements of people in different classes, and under different 
conditions, for proper nourishment. When, however, we con- 
sider that, twelve years ago, we had extremely little accurate 
information about the chemical composition and nutritive values 
of American food materials, and were obliged to look to Euro- 
pean sources for nearly all of our information upon these sub- 
jects, and to depend upon analyses of European products for 
estimates of the composition of food materials produced in 
this country, the fact that such a table can be prepared from 
data which has been accumulated mostly in this country dur- 
ing so short a period is, most assuredly, a cheering mark of 
progress. 


Fleats of Combustion and Fuel Values of Foods and Feeding 
Stuffs.—In all the foods and feeding stuffs analyzed during the 
past year, the heats of combustion, which are taken as measures 
of the fuel value, have been determined by the bomb calorime- 
ter. An account of this apparatus was given in the Annual 
Report for 1894. It has since been further elaborated, and is 
now being made for other institutions, several of which already 
have it use. 


Experiments with Men in. the Respiration Calorimeter.— 
Previous annual reports have contained brief reference to this 
apparatus, which has been for some time in process of develop- 
ment. As was there explained, the more purely scientific pur- 
pose is the study of the application of the laws of the conservation 
of matter and energy in the living organism.” At the same time 
it has a most intensely practical purpose, namely, to learn more 
of the laws of nutrition and the ways the food is used in the 
body. ‘To obtain this most useful knowledge, abstract research 
of the highest order is necessary. 


The experiments are made by placing a man inside a box or 
chamber under conditions which permit the measurement of 
the income and outgo of his body. Arrangements are made 
for ventilating the chamber by a current of air which is meas- 
ured and is analyzed as it goes in and comes out, so that the 
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products of respiration are determined. In this respect the 
apparatus is similar to those which are used in a number of 
places for experiments on the income and outgo (metabolism ) 
of matter, and to which the name respiration apparatus is com- 
monly given. Provision is also made for weighing and analyz- 
ing all the food and drink, and the solid and liquid excreta as 
well. By comparing the chemical elements and compounds 
received by the body in food, drink, and exhaled air with those 
given off in the solid and liquid forms by the intestines and 
kidneys, and in the form of carbonic acid gas, water, vapor, 
and otherwise by respiration and perspiration through the 
lungs and skin, we are enabled to strike a balance between 
the total income and outgo of matter in the man’s body. 
We thus measure, on the one hand, the total food and - drink 
consumed, their ingredients, the proportions of the several 
nutrients actually digested and taken into the blood to be 
used, and on the.other, the quantities of material given off 
from the body during the period of the experiment. These data, 
taken in connection with what is known of the physiological 
processes that go on in the body, give more accurate informa- 
tion than can otherwise be obtained regarding the ways in 
which the food is used, and the quantities of different food 
ingredients that are needed to supply the demands of the body 
for various purposes of work and rest. Experiments of this 
kind are commonly known as respiration experiments. 
The experiments, as above described, show the balance of 
income and outgo of chemical elements and compounds, and 
serve for the study of the metabolism of material in the body. 
It is desirable, however, to study the metabolism of energy. 
To this end it is necessary to know the potential energy of the 
food and drink, on the one hand, and, on the other, the poten- 
tial energy of the excreta and the amounts of energy given off 
in the form of heat, external muscular work, and otherwise. 
The measurements of the potential energy of the food and 
excreta are made with the bomb calorimeter. The determina- 
tion of the heat given off from the body is attempted by certain 
arrangements connected with the respiration apparatus, which 
have led to the use of the term respiration calorimeter. "The 
accurate measurement of the heat is a matter which presents 
numerous difficulties. It appears, however, that these have 
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been for the most part overcome, and the prospect for final 
success seems very good. 

Meanwhile a number of respiration experiments have been 
made and are described in some detail in the present Report. 
In each one, the subject, a man, remained in the apparatus 
from fifty-four hours to twelve days. ‘The results show very 
clearly the gain or loss of protein and fat in the body with dif- 
ferent kinds and amounts of food and under different condi- 
tions of work and rest. The success with these experiments 
has been very gratifying, and the promise for the future is, at 
present, even more so. 

The full details of these experiments have been transmitted 
to the Department of Agriculture for publication, and it is 
‘hence deemed necessary to give only the principal results in 
the present Report. 


STATE APPROPRIATION FOR INVESTIGATION OF FOOD ECONOMY. 


The General Assembly at its last session provided an annual 
appropriation of $1,800 for the Storrs Station, to be used ‘‘ for 
the purpose of investigating the economy of the food and nutri- 
tion of man, and for investigations of the bacteria of milk, 
butter, and cheese, and their effect in dairying.’’ With this 
very material help the Station is able to greatly increase the 
amount and value of its inquiries in these directions. 


GOVERNMENT COOPERATION IN FOOD INVESTIGATIONS. 


Among the numerous objects of agriculture the chief is the 
production of food for man. ‘That the experiment stations in 
the country have hitherto studied the soil, the plant, and the 
animal, and their food and nutrition, and have given but little 
attention to the food of man, is not the fault of the stations. It 
is due simply to the fact that the primary purpose has been to 
help the farmer to improve his farming rather than to help the 
people at large to improve their food economy. It was for this 
reason that the original Act of Congress providing for expert- 
ment stations in all.of the States and Territories did not include 
experiments upon the food and nutrition of man as a part of 
the work which it called upon the stations to perform. In 1894, 
however, the legislation with reference to the stations was so 
changed by Congress as to specifically authorize inquiries of 
this latter kind. At the same time an appropriation of $10,000. 
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was made for the fiscal year ending June 30, 1895, to promote 
especial inquiry into the food economy of the people of the 
United States. The appropriation has been increased in the 
succeeding years to $15,000. ‘The general government has 
thus formally recognized the important fact that the food of 
the people of this country for which wage workers spend half 
their income and upon which our health and capacity for work 
so intimately depend, is as proper a subject for experimental 
study as the food of the farmers’ crops and cattle. 

The responsibility for the expenditure of the Government 
appropriation referred to is given by Congress to the Secretary 
of Agriculture, who has assigned the inquiry to the Office of 
Experiment Stations. The conditions of the Act of Congress 
are such as to favor cooperation between the Department and 
other institutions of research, especially the experiment stations 
in different parts of the country. Accordingly, while a part of 
the work is done under the immediate direction of the Depart- 
ment, a considerable portion is being carried out in cooperation 
with experiment stations, colleges, and other organizations, 
including the Storrs Station, to whose Director the immediate 
charge of the enterprise is entrusted. 

At present all of the food investigations of the Station are 
being conducted in cooperation with the general government, 
by which a considerable share of the expense is paid. By such 
cooperation a much larger amount of research is being carried 
on by the Station than the State appropriation provides for, 
and, at the same time, the contribution by this State to the 
enterprise is made much more fully available to the country at 
large. ‘There is a like cooperation in the publication of the 
results of the inquiry. In this way the practical results of 
the work of the Station are made available to the citizens of the 
State, through the Station Reports and Bulletins, while much 
of the more technical details which are of decided scientific 
importance, but of less special interest to farmers and the 
public at large, are published by the general government. 


W. O. ATWATER, 
Director. 
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XI.—FURTHER EXPERIMENTS IN CREAM RIPENING—FLAVOR, 
AROMA, ACID. 





BY H. W. CONN, PH. D. 





During the past few years the problem of cream ripening has 
been forcing itself more and more upon the attention of butter- 
makers. The objects of ripening cream are to make churning 
easier, to increase the yield of butter, and improve its flavor 
and aroma. ‘The first two purposes have been discussed in 
Bulletins of this Station.* It has been known for some years 
that the flavor, the aroma, and the acid which are produced in 
cream during its ripening, and which give the peculiar charac- 
ter to the butter made therefrom, are due to the growth of 
bacteria in the cream. ‘The real source, however, of the flavor 
is the cream itself, and the quality of the cream undoubtedly 
affects the character of the flavor. But in order to develop 
the proper flavor this cream must undergo certain chemical 
changes, and these changes are brought about by bacteria, 
which multiply in the cream with incredible rapidity during 
the ripening process. Experiments hitherto have been largely 
confined to a few selected species of bacteria, and we have had 
very little knowledge in regard to the effect produced upon the 
butter by the many different (species of jbacteria commonly 
found-in milk and cream. 


ACID, FLAVOR, AROMA. 


It has been found that ripening is practically alWays accom- 
panied by a souring of the cream, so much so that in most 





* Some of the results have been given in the publications of the Station, as follows: 
Bacteria in Milk, Cream, and Butter, Bulletin 4 and Annual Report for 1889, pp. 52-67. 
Ripening of Cream, Annual Report for 1890, pp. 136-167. A Mucrococcus of Bitter Milk, 
Report for 1891, pp. 158-162. The Lsolation of Rennet from Bacteria Cultures, Report for 
1892, pp. 106-126. The Ripening of Cream by Artificial Cultures of Bacteria, Bulletin 12 
and Report for 1893, pp. 43-68. Eaperiments in Ripening Cream with Bacillus No. 41, 
Annual Report for 1894,- pp. 57-68. Some Observations of the Number of Bacteria in 
Dairy Products, Annual Report for 1894, pp. 69-77. Cream Ripening with Pure Cultures 
of Bacteria, Annual Report for 1894, pp. 77-91. A Year's Experience with Bacillus No. 
gz in General Dairying, Annual Report for 1895, Part I., pp. 17-40. See also The fer 
mentations of Milk, Kxperiment Station Bulletin No. 9 of the Office of Experiment 
Stations of the United States Department of Agriculture. 





18 STORRS AGRICULTURAL EXPERIMENT STATION. 


parts of the world it is called ‘‘cream souring.’’ It has been 
found that good flavors are especially developed by the acid- 
forming species of bacteria. It has been assumed, therefore, 
that the development of flavor and the development of acid are 
essentially identical, or at least necessarily associated. Some 
practical, as well as scientific, butter-makers are teaching that 
one essential point to be aimed at in the cream ripening is to 
cause the acid-producing organisms to grow rapidly in order to 
develop an acid and flavor before the other organisms have a 
chance to increase. ‘The fact that the extent of the ripening is 
determined by the amount of acidity conveys the impression 
that the ripening and the souring are identical. ‘The idea was 
advanced by myself, however, some years ago, that flavor pro- 
duction is independent of acid production, and while many of 
the acid-producing species also produce changes in the cream 
which give rise to a good flavor, equally good flavors may be 
obtained by species of bacteria that produce no acid, and that 
some species of bacteria may produce acid in abundance with- 
out giving rise to the proper flavor. ‘This conclusion was also 
reached by other bacteriologists. Storch, who first worked - 
with pure bacteria cultures for cream ripening, found some 
species producing acid but not good flavor, and the.same results 
were reached by Weigmann. 

The relation of ripening to the aroma of butter is also an 
uncertain one. ‘There are several pure cultures used in differ- 
ent dairying countries for artificially ripening cream, most of 
which produce favorable results so far as concerns acids and 
flavors, but none of which appears to give a satisfactory aroma. 

Each of these three factors seems to be essential to a proper 
cream ripening, and we cannot hope to satisfactorily control 
this ripening until we know how and under what condition 
flavor, acid, and aroma are produced. Plainly, if we find that 
all three are produced by the same conditions and by the same 
species of bacteria, our method of handling cream for butter- 
making will be determined by this fact; while if we find that 
they are produced by different and independent agencies, the 
method of handling cream must be different. 

The final settlement of these questions can only be reached 
after a long series of experiments. To determine accurately 
the relation of flavor and aroma to bacterial growth it has 
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appeared to me to be necessary to experiment, not with one or 
two, or with half a dozen, species, as has been generally done 
by bacteriologists hitherto, but with as large a number of the 
species of dairy bacteria as 1s possible. For two years or more 
I have been engaged in testing the effect upon cream ripening 
of the various kinds of bacteria which have been found in milk 
and cream. Some of these experiments have been reported in 
earlier publications. ‘The present series began in May, 1895. 
In this work I have been assisted by Mr. William Esten, who 
has carried out a large portion of the practical experiments. 


BACTERIA OF ORDINARY CREAM. 


The first task in this series of experiments was to collect 
from creameries and from dairies a large variety of bacteria. 
It was especially desirable to obtain those found in creameries 
during the months of May and June, inasmuch as these months 
are commonly characterized by the production of the best 
quality of butter. During May and June of 1895 quite a num- 
ber of visits were made to creameries in Connecticut, including 
those at Cromwell, Durham, Wapping, Elmwood, Farmington, 
and Ellington. Some of these creameries were visited two or 
three times, others only once. From the cream thus obtained 
as many different species of bacteria as possible were taken at 
once and set aside for future work. At subsequent periods 
other visits have been made to the same places. Other samples 
of milk and cream have been obtained from dairies at Storrs, 
and from two or three different dairies in Middletown. From 
these various sources nearly one hundred different types of 
bacteria have been obtained, most of which have been carefully 
studied and tested in cream ripening. 

In thus describing them as different types I would not imply 
that they are necessarily different species, but simply that they 
show some differences in their method of growth. Bacteriolo- 
gists do not yet know what constitutes a species among these 
organisms, and it is extremely probable that some of the hun- 
dred referred to really belong to the same species of bacteria, 
some of them being only slight variations of others. They all 
produce different effects, and have consequently been studied 
independently of eachother. Alleofithe general types of 
milk bacteria are included among this list. It includes some 
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bacteria which sour milk by producing lactic acid, others which 
curdle the milk by producing a rennet-like ferment, but render- 
ing the milk alkaline, others, again, which exert a putrefactive 
effect upon the milk, and still others that have seemingly no 
effect whatsoever upon the milk or cream. ‘The various types 
were in almost equal abundance among the species collected, 
except that the number of forms that have no appreciable effect 
upon milk is considerably larger than those belonging to any 
of the other classes. 

In the early summer the variety of bacteria in the cream 
has been found to be greater than at the other seasons 
of the year thus far tested. No examinations have yet been 
made of the cream of the late summer or early fall. In nearly 
all of the samples of cream collected in May, and particularly 
in June, the number of different species was very great, not 
only when different samples were compared with each other, 
but in the same sample of cream. This would naturally have 
been anticipated, and is probably closely associated with the 
green food of the cows. It appears not unlikely that in this 
fact lies the explanation of the high quality of butter flavor 
commonly developed during these months. Not only is the 
variety greater, but the number of bacteria in the cream 
during these months is vastly in excess of that found under 
similar conditions in the cooler months of the year. No accu- 
rate quantitative tests were made, but the difference in the 
number of bacteria found in the samples of cream tested in June 
and those tested in February was very great indeed, even 
though the age of the cream was the same in the two cases. 
This fact is, of course, due to the teniperature which stimulates 
bacterial growth. 

Another point in the same connection is the difference in the 
species of bacteria found at the same creamery at different 
times. Such samples, even though following each other at 
short intervals, showed a considerable difference in the types of 
bacteria found. This is in part due to the fact that no bac- 
teriological examination of cream can disclose all of the kinds 
of bacteria therein, and the bacteriological analysis is, there- 
fore, in every case, very incomplete. Two samples of the 
same cream would doubtless show some differences for this 
reason. But this is not wholly the explanation of the matter, 
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since it was frequently found that a sample of cream taken at 
one date would disclose a large number of bacteria which 
liquefied gelatine, while another taken a few days later would 
show no liquefying bacteria. The presence of the liquefying 
organisms is most easily determined; in fact one can never fail 
to detect them. ‘Their presence in quantity in some cases, and 
their absence in others is, therefore, significant. 


Variation with the Cow.—One series of experiments con- 
sisted in the testing of the milk from eight cows in the same 
barn. ‘These cows were kept in adjoining stalls and fed in the 
same manner, and their milk was drawn into sterilized bottles 
and then tested separately. After a few weeks the same eight © 
cows were again tested in the same way, and the same test was 
repeated at short intervals for several months. It was found 
in these tests that there was the most striking difference 
between the bacteria in the milk of the separate cows. The 
number varied surprisingly. "The milk from two of the cows 
contained not more than 250 bacteria per loop full (a loop fullisa 
drop about the size of the head of a large pin), while the milk 
from a third, contained 20,000, and a fourth, 60,000, in the 
same quantity of milk. The variety of bacteria was no less 
interesting. In the first place, it was found that no two of 
these eight samples of milk, when left to themselves and care- 
fully guarded from outside contamination, underwent the same 
kind of fermentation. Some of them curdled and soured, some 
of them curdled without souring, some developed a cheesy odor, 
others a putrefactive odor, and, among the lot, there was one 
cow that gave milk that became slimy. When the same cows 
were tested a second time, a few weeks later, the effects were 
different. ‘he cow that previously gave slimy milk, no longer 
produced milk with this defect, and all of the samples but one 
soured, although not in the same way in any two.cases. In 
the third test still other variations occurred. When the bac- 
teria from the eight samples were studied, it was found, as was 
to be expected, that there was a good deal of variation. There 
were one or two species that were common to nearly all of the 
‘cows, while others were found in one lot of milk, and others, 
again, in one or two lots. It must be always kept in mind 
that these bacteria of which we are now speaking do not come 
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from within the milk gland, but only from the milk ducts. 
They do not, therefore, come from within the animal, but 
really from the exterior. ‘They are bacteria from external 
sources, which have made their way into the ducts, and not 
bacteria from within the animal making their way out. This 
difference in the bacterial flora of milk from cows in the same 
barn is certainly a somewhat surprising and interesting fact. 
It gives us a suggestion as to the complex mixture of bacteria 
in cream of an ordinary creamery coming from hundreds of 
cows. It shows further how impossible it must be to obtain a 
uniform quality of cream (so far as bacteria are concerned) 
from many contributing sources. 


METHOD OF EXPERIMENT. 


The method of experiment has been to separate a lot of 
cream from the milk by a centrifugal machine and then divide 
it into four equal parts. In more recent experiments a larger 
amount of cream was taken and eight experiments were carried 
parallel with each other. All of the cream was heated toa 
temperature of 69°—70° C. (156°-158° F.) for fifteen minutes 
and then allowed to cool. ‘This heating (pasteurizing) de- 
stroyed most of the bacteria which chanced to be present in 
the cream, only such bacteria as produce spores remaining 
alive. Hxperience has shown that such heating will kill all 
the lactic bacteria. ) 

The species of bacterium to be tested was grown in sterilized 
milk. Two days before the experiment began a sufficient 
number of vessels of sterilized milk were inoculated, each with 
a different species of bacterium. These were then allowed to 
grow for two days. When the lots of cream were pasteurized 
and cooled, as above described, one of these milk starters was 
poured into each. Each of the lot received a starter made from 
a different species of bacterium, and one lot was always left for 
a control experiment without any starter. 

The four samples were then placed under similar conditions 
as to temperature and allowed to ripen for the same length of 
time. After considerable experience it was found that the 
most satisfactory method of procedure was to use a ripening of 
forty-eight hours at a somewhat high temperature (about 
21° C., 70° F.). After the ripening the cream was cooled and 
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churned. ‘he examination of the butter was made, in most 
cases, without salting, inasmuch as salting very commonly 
obscures the peculiar flavors developed during the ripening 
process. The testing was made for flavor, for acid, and for 
aroma. In the records that were kept it was difficult in many 
cases to know exactly how to describe the flavor or aroma of a 
lot of butter. ‘The flavors and odors that develop as a result 
of the ripening of different species of bacteria are highly vari- 
able, and the words in our language for the description of 
either flavors or odors are entirely inadequate to any consider- 
able accuracy. Inasmuch, however, as the problem was chiefly 
to determine the relation to butter-making, the record was 
made from this standpoint, and the butter was described either 
as possessing a good, a bad, or an indifferent flavor, or as hav- 
ing a typical, or an unusual aroma, or no aroma. It must be 
recognized also that tastes differ, and a flavor which has 
appeared to me to be good might not always so appear to 
others. While, therefore, the classification is not as accurate 
as might be scientifically desired, it is sufficiently accurate for 
determining the relation of the various bacteria to butter- 
making and to the normal flavor and aroma. 

It will be evident from this description of the method of 
experiment that the tests have always been made in very small 
lots of cream. There are some decided advantages and some 
decided disadvantages in this method. The disadvantage is in 
the fact that tests in such small lots cannot be relied upon to 
produce very good results or truly normal butter. First-class 
butter, as is well known, cannot be made without attending 
very strictly to all conditions, and manifestly when butter 1S 
made in lots of half a pound or so it is impossible to control 
the results satisfactorily. On the other hand, however, itisa 
far easier matter to compare results obtained by different spe- 
cies of bacteria if they can be directly compared with each 
other. When we have six or more samples of butter made 
from the same lot of cream, and under identical conditions, 
except that the species of bacteria used in ripening is different, 
a comparison between the flavors and aromas is more valuable 
than if these tests were made upon different days from differ- 
ent lots of cream. Inasmuch as these experiments were 
designed to test the general effects of many species rather than 
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to find out the particular species which produced the best but- 


ter, I have thought that this method of testing several species. 


simultaneously promised the most valuable results. 


RESULTS. 


In general the results of these experiments have been con- 
firmatory of those of the series already given in a previous 
publication (Bulletin No. 12). Nevertheless, a number of new 
facts of interest and importance have appeared. The most 
important of these results are the following: 


CONTROL CREAM COMPARED WITH INOCULATED CREAM. 


First.—One of the most interesting facts was found in com- 
paring the control (2. e., the pasteurized but not inoculated ) 
samples of cream, and butter made therefrom with the inocu- 
lated samples. Asa rule the control butter possessed neither 
flavor nor aroma—in no case unless the ripening had continued 
too long. Nevertheless, it was found in many cases that the 
control cream dzd undergo some decided changes during the 
period of ripening. The temperature of 158° F. (used in pas- 
teurizing) does not kill all the bacteria in the cream, and the 
subsequent ripening being somewhat long and the temperature 
somewhat high, the few bacteria that were left in the cream 
after pasteurization had an opportunity to develop. The cream 
thus frequently showed the effects of their presence. In many 
cases the control cream was thick and nearly curdled, but in- 
asmuch as it was never acid, it was plain that this effect was. 
due, not to the lactic acid organisms, but rather to the growth 
of the species of bacteria which curdle milk by the production 
of a rennet ferment; a class frequently called the putrefac- 
tive class of bacteria. This is readily understood, since these 
bacteria frequently produce spores which resist heat, while 
the acid bacteria produce no spores. In a few cases the 
control cream became slightly bitter or developed some other 
unusual taste, but the taste was so slight that it had no effect 
upon the butter made from the cream. ‘These facts, of course, 
are not surprising, for they are exactly what would have been 
expected when we remember that pasteurization does not 
destroy all the bacteria present in the cream. The interesting 
fact in these experiments was that in no case did the inoculated. 
lots of cream show similar results. Where the control cream. 


oe 





BACTERIA IN THE DAIRY. 25 


became bitter none of the three inoculated samples showed the 
slightest trace of bitterness. Where the control cream showed 
a partial curdling, the inoculated samples showed an entirely 
independent effect that was evidently due directly to the influ- 
ence of the inoculated species and not to those left in the cream 
after pasteurizing. In some cases the inoculated cream was 
thickened and curdled from the effects of the bacteria with 
which it had been inoculated, but, in other cases, where the 
inoculated species had no power of curdling the cream, the 
cream at the end of the ripening was as thin as at the begin- 
ning, showing no trace of curdling even though the control . 
cream was at the same time very thick. ‘These results were 
not in one or two cases, but in a great number of experiments. 
The result at first surprised me, but it was found to be so gen- 
eral that I soon came to look upon it as normal and to expect it. 


WHY ‘‘STARTERS’’ ARE BENEFICIAL. 


The importance and significance of this fact is considerable. 
If the control develops a bitter taste, while the inoculated species 
does not, this can only be because certain bacteria grow in the 
control which do not grow to an equal extent in the inoculated 
cream. When cream is inoculated with one kind of bacteria 
in considerable quantity, other species of bacteria already 
present may be checked in their development by the growth of 
the inoculated species and prevented from producing their 
normal results. ‘She control and the inoculated cream must 
have had at the end of pasteurization the same kind of bacteria 
present, but the inoculation of the cream with one species of 
bacteria in the artificial culture prevented those in the cream 
either from growing or from having their normal effect upon 
the cream. 

This result is, indeed, not very surprising after all. Bac- 
teriologists have for some time known that different species of 
bacteria may thus have a repressing influence upon each other. 
It has been determined, for instance, that the growth of the 
normal bacteria in milk prevents the growth there of the 
cholera bacillus, although the cholera bacillus will grow readily 
in milk that has been sterilized. Many other similar instances 
have been found, indicating that this is not an unusual but 
rather a common effect where different kinds of bacteria are 
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growing side by side. ‘The importance of the matter to the 
butter-maker is considerable, inasmuch as it indicates that it 
may be possible, by inoculating cream quite heavily with one 
kind of bacteria, to check the influence of the other kinds 
which may be present. One can thus obtain the influence of 
the inoculated species but little modified by the growth of the 
other bacteria which are present in less abundance. During 
the last year or two butter-makers have become convinced of 
the advantage of using starters. They have found that in 
many cases the use of a starter, either a natural starter or one 
of the various pure cultures which are on the market, will 
improve their butter where it is added to ordinary cream. It 
has been something of a question how a starter can do any 
good in cream already more or less impregnated with bacteria. 
But if, as these experiments show, such a starter has the power 
of checking the growth of normal bacteria, we can understand 
the matter. If starters can have any influence checking the 
growth of bacteria already present we should expect that such 
starters would frequently improve butter, although not always. 
Thus, the facts here given offer an explanation of and empha- 
size the value of a starter of some kind in cream, both for the 
purpose of starting the proper kind of ripening, and also to 
check the development of many bacteria already present which 
might be injurious to the butter. 


MOST BACTERIA HARMLESS OR BENEFICIAL. 


Second.—The majority of the species tested may be regarded 
as indifferent in their effect upon the butter. About Halr 
of them when used to ripen the cream, as will be seen in the 
experiments described below, produced butter that had neither 
flavor nor aroma nor acid, and the butter was practically indis- 
tinguishable from the control butter. These species are the 
largest in number and present in the greatest variety around 
barns and dairies. They are perfectly wholesome in the cream. 
They do no injury, they do no special good, and we may, 
therefore, conclude from this that the majority of the species 
of bacteria that are present in the sources of our milk are 
wholesome forms, which may grow and develop in the cream 
without producing any trouble, and are perfectly consistent 
with the best quality of butter. 
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Third.—A considerable portion of the species found are pos- 
itively favorable in their influence upon the butter. Of the 
sixty-eight species tested, twenty produced butter that has 
been described in our notes as good flavored. Of course the 
flavor was somewhat variable and its good character, while 
sometimes striking, was at other times moderate. It was not 
always the typical butter flavor and yet .was such an approxi- 
mation toward it that the butter would be regarded as of a 
good quality. 

Fourth.—A smaller number of species produced injurious 
effects upon the butter; eighteen species among the sixty-eight 


tested have been described as producing butter that was bad, 


or poor, or strong flavored, or disagreeable; various adjectives 
being used to indicate the different effects. Some times the 
poor flavor was a putrefactive taste, in other cases it was a 
bitter taste; in others, again, a strong sour taste; while in still 
others the effect was of a peculiar indescribable character. In 
many of these eighteen species the pleasant flavor was very 
slight, and probably insufficient to materially injure the butter. 


FLAVOR INDEPENDENT OF ACID. 


Fifth.—Of the species of bacteria producing good flavors in 
the butter, many were of the acid-producing class. Ot the 
twenty above mentioned, nine were lactic organisms. On 
the other hand, eleven were among the class which would 
be described as alkaline species, by which it is meant that they 
either produced an alkaline reaction in the milk or produced no 
change in its reaction. They are at all events distinctly not 


acid forms. Seven among them liquefy gelatine and are, 


therefore, among what are called the putrefactive bacteria. In 
thus speaking of the flavor, we have always tried to carefully 
distinguish flavor from acid taste. The flavors produced by 
the acid species (leaving out of account the sour taste resulting 
from the acid), and those produced by the other class were not 
particularly different. Independent of the acid it is doubtful 
whether there was enough difference in the flavors produced 
by the two classes of organisms to enable us to separate them 
from each other in this way. 


- Sixth.—Of the eighteen species described as producing in- 
jurious effects upon the flavor of the butter, nine belonged to 
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the acid-producing class, while nine belonged to the class 
developing alkaline reaction. 

From these facts it appears to me a safe and perfectly legiti- 
mate inference that flavor is a matter entirely distinct from 
acid. It will be noticed that among the acid-producing species 
there are some that develop good flavor, while others develop 
a decidedly unpleasant flavor; and it will be noticed that 
among the species producing good flavors in the butter, while 
many of them are acid producers, a large number, eleven out of 
twenty, are among those that develop no acid. In speaking of 
the flavor as entirely distinct from the acid it is, of course, not 
meant to imply that they may not be associated. It may com- 
monly happen, as will be noticed from these results, that the 
same species of bacteria may develop acid and flavor. This 
undoubtedly is the case with many of the bacteria of milk, and 
with most of the species of bacteria that are used by various 
butter-makers as cultures for artificial fermentation. Never- 
theless, the fact that many of the species of bacteria produce 
acid and, at the same time, an unpleasant flavor and disagree- 
able effect upon the butter, while pleasant flavors are developed 
by species of bacteria which have not the acid-producing power, 
indicates clearly enough that the development of acid is not the 
_same thing as the development of flavor. The development of 
the acid comes, as is well known, from the decomposition of 
the milk sugar, but the development of flavor comes, at all 
events, not from the same kind of decomposition of the milk 
sugar, and probably comes from some other kind of decomposi- 
tion effect produced by these bacteria upon some of the 
ingredients of the cream. It is impossible at the present time 
to state, any more closely, to what the flavor is due, but the 
facts outlined above show clearly enough that the development 
of flavor and the development of the acid are not identical, and 
that while acid organisms may be the most promising ones for 
giving rise to the proper flavor in cream, these flavors may be 
due in many cases to organisms of an entirely different char- 
acter. While, therefore, the lactic bacteria may be regarded 
as commonly producing the butter flavor in practical butter- 
making, they do not do this simply because they produce acid, 
and we must recognize that other types of bacteria probably 
assist in producing the desired flavor. It is important to note 
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in this connection that of the thirty species described as indif- 
ferent in their action, none were acid organisms 


AROMA INDEPENDENT OF FLAVOR AND ACID. 
Seventh.—Perhaps the most interesting result has to do with 
the production of the butter aroma. The butter aroma, the 
character that affects the nose rather than the palate, appears 
to be, at least so far as the results of the experiments are 


concerned, entirely independent of the flavor. Moreover, it 


appears to be a more unusual thing for bacteria to produce a 
desirable aroma than a desirable flavor. ‘The great majority of 
these species tested give rise to practically none, or at least to 
an extremely slight aroma. Of sixty-five species whose eitect 
on aroma is given below, thirty-nine produce no aroma at all. 
Of the species of bacteria which thus have no influence upon 
the aroma of butter, the majority, again, are among the class 
which either develop an alkaline reaction in the cream or do 
not change its reaction at all. Seven of those producing no 
aroma are among the class that produce lactic acid. Among 
those that do produce an aroma of a decided character, eighteen 
are described in my laboratory notes as producing an unpleas- 
ant or a bad aroma; seven of these are among those that pro- 
duce lactic acid. ‘The kind of aroma developed varied widely 
in these different species. Some times it was an extremely 
sour smell, at other times it was in a measure putrefactive. 
In most cases the aroma was of a character that was indescrib- 
able, from the lack of proper terms, but always unpleasant, and 
would always be regarded as characterizing a poor quality of 
butter. Among the sixty species studied, only eight have 
been found as yet to produce an aroma which has beensde. 
scribed in my notes as good; and in only three has the aroma 
been that which is looked for in first-class butter. In two or 
three cases the aroma produced was of an extremely fine char- 
acter, and in these artificial tests almost identical with the 
aroma expected in the first-class butter from acreamery. It 
has been interesting to find that, of the eight species which 
produce the aroma which has been described as good, none has 
been among the acid-producing organisms. ‘The eight either 
develop an alkaline reaction or have no special effect upon the 
reaction of milk. ‘here were three which developed the most 
typical aroma of all the species studied, Nos. 66, 69, and 104, 
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Two of these curdled milk by producing a rennet, both lique- 
fying gelatine. The third did not curdle the milk. This 
result has been a surprise to me, inasmuch as I had supposed 
before the experiments began that the aroma was a matter very 
closely associated with the development of the lactic acid. 
These experiments are not sufficient to settle this question 
completely, especially since only eight species have been found 
to produce a desired aroma. It may be that in further experi- 
ments now going on lactic acid species also ‘will be found 
associated with the development of aroma. It is, however, 
interesting to note that in the hands of European bacteriolo- 
gists, so far as their experiments have gone, somewhat similar 
results have been obtained. ‘There are, upon the European 
markets, several different kinds of pure cultures of bacteria 
used by creameries for ripening their cream. All of them are 
of the lactic acid type, and none of them is capable of develop- 
ing aroma to any considerable extent. Recent work of Weig- 
mann further confirms this result.* While he is inclined to 
think that aroma may be produced by lactic organisms, he 
regards the aroma as distinct from the acid quality, and the 
species of bacterium which he experimented upon as producing 
the best aroma was not of the acid-forming class. | 
This result cannot be surprising, and is, indeed, what might 
have been expected. Beyond question the aroma is due to 
volatile products, and these would most naturally be expected 
as resulting from albuminous decomposition. Lactic acid itself, 
as is well known, has no odor at all, and while sour milk has a 
peculiar odor, this odor, as was pointed out by Lister long ago, 
must be due to certain other products besides the lactic acid. 
The butter aroma, however, is not the odor of sour milk, but 
is one distinctly different. It is consequently an interesting 
and important point if we find that this butter aroma is 
associated with a different class of organisms from those which 
produce lactic acid. Herein we may probably find a partial 
explanation of the reason that the aroma of butter developed 
during the months of May, June, and July is of a higher char- 
acter than that produced during other months of the year, 
since, at this period, the cream, as already noticed, is provided 
with a larger variety of bacteria, and, therefore, among them 


* Milchzeitung, 1896, p. 793. 
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there is a greater chance of finding not only those producing 
acid, but also some which give rise to an aroma. 

It has been found in these experiments thus far that none of 
the species tested combines all of the three characters—the 
power of producing flavor, acid, and aroma. Some develop 


flavor with the acid, others develop aroma with flavor, and 


others develop aroma without any special flavor. As yet no 
single species has been discovered that produces all simultane- 
ously. ‘This result is not, of course, surprising, for, recog- 
nizing that the ripening of cream must be an extremely 
complicated process, and produced by a large number of spe- 
cies of bacteria working together, it is a natural inference that 
the different qualities in the butter may be caused by different 
species of bacteria. It is by no means to be implied, how- 
ever, that the three properties may not be combined in some 
species of bacteria. 

Lastly, it is interesting to note that among the species of 
bacteria which produce good flavor in the butter, are found 
some that were quite widely distributed during the month of 
June. ‘There was one species in particular, which, in my 
experiments, was described as giving rise to a good flavor and 
a strong acid, which was found during the months of May and 
June in each of the creameries from which samples of cream 
were taken. ‘This, of course, is suggestive as indicating per- 
haps a reason for the common production of a good quality of 
butter during these months. 


SUMMARY. 


rt. The cream in ordinary creameries or in ordinary dairies 
always contains bacteria, a large majority of which are perfectly 
wholesome, and which give rise etther to good flavors and aromas 
in the butter or, at least, produce no injurious effect upon the 
cream, They are perfectly consistent with the production of the 
best quality of butter. 


2. In the months of May and June the variety and the num- 
ber of these types .of bacteria is decidedly greater than in the 
winter months, and this probably explains, in part, the better 


quality of butter at these seasons. 


Me Occasionally a dairy or a creamery May be impregnated 
with a species of bacteria that grows rapidly and produces a 


32 STORRS AGRICULTURAL EXPERIMENT STATION. 


deleterious effect upon tts butter. This will produce tn all cases a 
Salling off in the quality. The trouble may be due, perhaps, to 
a single cow, tnasmuch as the milk of individual cows may some- 
limes contain species of organisms not Sound in others, even tn 
the same barn. Tt is, however, commonly tniposstble for the 
Sarmer or the butter-maker to find the source of such tnjurious 
bacteria. 


¢. Creameries and dairies will in many cases be supplied with 
bacteria giving rise to desirable flavors, aromas, and a proper 
amount of acid. This is commonly the case from the fact that the 
go0d-flavoring species are abundant, but it will not always be 
true. It 1s more common in June than at other seasons of the 
year, simply because the variety of bacteria ts greater at this time, 
and hence the greater likelthood that some species which produce 
the proper aroma and flavor will be present. Probably, also, some 
of the destrable species are especially abundant in the green food 
of cows tn June. 


5. Lf cream be inoculated with a large culture of some par- 
ticular kind of bacteria, this species will Srequently develop so 
vapidly as to check the growth of the other bacteria present and 
thus, perhaps, prevent them from producing their natural effects. 
flence, tt will follow that the use of starters will commonly give 
vise to favorable results, even though the cream is already some- 
what largely impregnated with other species of bacteria before the 
enoculation with the artificial starter.  Thds fact lies at the basis 
of the use of artificial starters either with or without pasteuriza- 
tion. To produce the desirable result tt ts necessary to have the 
starter contain a large abundance of some Javorable species which 
by tts growth can both check the development of the ordinary cream 
bacteria and can develop a proper Jlavor by itself. 


DETAILS OF EXPERIMENTS. 

Before describing the experiments in detail a few words more 
may be in place as to the method of experimentation and 
recording results. The method by which different species 
have been tested as concerns their influence upon cream ripen- 
ing and butter have already been described. It will be seen 
from the method thus given that the comparisons between the 
effects of the different organisms upon butter have been made 
under conditions in which they can be strictly accurate. When 
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from four to eight lots of butter are made from the same lot of 
cream, when one of these lots is a control experiment made 
from cream without inoculation, it is possible to make very 
accurate comparisons between the different samples as they are 
examined one after the other. Under these circumstances, 
where marked differences appear in the flavors or the aromas, 
there can be no question that they are due to the action of the 
organism in question. In spite, therefore, of the objection 
that the butter made in,these cases was seldom made under 
conditions which would give rise to the best quality of product, 
it is thought that the comparisons that have been made between 
them are more strictly accurate and more valuable than could 
have been made in any other way. 

In regard to the records, I have been very much at loss to 
find any satisfactory way of recording results. The flavors. 
have been very varied, but our descriptive terms are so crude 
as yet as to make it impossible to describe these flavors in such 
a way as to enable another person to recognize them. Few of 
the flavors which have been recognized are such as are com- 
monly found in butter, and yet many of them have been so 
pleasant and so akin to butter flavors that I have been con- 
vinced that the butter flavor of ordinary butter may be made 
up of the combination of a number of the different flavors pro- 
duced by the different species of bacteria. Still greater is this 
difficulty in regard to the records upon the aroma of the butter. 
There is practically no way of describing the aroma so that it 
can be distinguished by another person unless it chances to 
have a distinct similarity to some well-known odor. I have, 
therefore, been obliged in these experiments simply to speak 
of the flavors and aromas as pleasant or unpleasant, as typical 
or not of the typical character, and as, therefore, contributing 
in my own judgment to the good or the bad qualities of butter. 
I recognize algo that different individuals would describe these 
results in a different way. In most cases Mr. Esten as well as 
inyself made an examination of the butter, but our descriptoons 
of the flavors and aromas seldom agreed, although we did agree 
in all cases as to whether a given aroma and flavor was pleas- 
ant, and, therefore, favorable to butter-making, or unpleasant, 
and, therefore, unfavorable to butter-making. In spite of 
this unsatisfactory condition of the records upon the action of 
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the organisms upon butter, it is thought that the general result, 
namely, the relations of the organisms to the production of 
normal, first-class butter, is reliable and is valuable. 

The species of bacteria which have been used in the follow- 
ing experiments have been obtained at various times in the 
last two years from a variety of sources. All of them have 
come from dairy products, many of them directly from cream 
in creameries. Some have been derived from milk, some from 
the milk as it is drawn from the cow¥ others from the dust that 
has fallen from the cow during the milking, collected directly 
in gelatine plates. They may all, therefore, be regarded as 
distinctly dairy bacteria. ’T‘hese organisms have been carefully 
studied, and their characters determined in the laboratory 
before the butter experiments have been undertaken. It has 
been thought best, however, not to give here the detailed 
descriptions of these species. My list of Connecticut dairy 
bacteria is increasing, and each month is giving more informa- 
tion in regard to the relation of these bacteria to each other 


from a systematic standpoint. It is thought, therefore, that1f : 


the description of these species be reserved till a later date 
more valuable inferences can be made as to the distinctness of 
the types described and their relations to each other; and the 
results will, therefore, be a more valuable contribution to the 
vexed question of the limits of species among bacteria. ‘These 
descriptions will, therefore, be reserved for later publications. 

In the description of the butter-making experiments each 
organism is referred to by a number, which refers to the num- 
ber in my own private list. ‘There will be given in each case 
the source from which the organism was derived and its effect 
upon milk, inasmuch as these are factors directly concerned in 
the practical experiments to be described. Note will also be 
made of the power to liquefy gelatine, since this will in a 
measure distinguish the organisms which act on the albumens. 
The temperatures are all centigrade: 


Species No. 27. 


This is a slender bacillus which is extremely common in the dairies of Con- 
necticut. It liquefies gelatine and produces a fluorescent green color, and is one 
of the most common of our organisms. It has the effect of curdling milk in 
about three days, rendering it very slightly alkaline. Some varieties of the 
species appear to digest milk without first curdling it. Its effect upon cream is 
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to thicken it, with a rather strong odor. The butter made therefrom is moder- 
ately good in flavor, but the flavor is so slight that the butter would not be 
regarded as good. There is no special effect upon the aroma unless over- 
ripened. 

Spectes No. 31. 


A slender bacillus which very slowly liquefies gelatine, turning it green. It is 
also a very common species in the dairies of Connecticut, having been found in 
many places. It curdles milk into a soft, slimy curd at 20° in about two days. A 
digestion of the curd begins at once and the milk finally becomes a yellowish 
green liquid with an alkaline reaction. Cream is slightly thickened by it, and 
the butter made therefrom, if the cream is not much ripened, is very flat and 
tasteless, with no special aroma. If the ripening continues further the butter is 
strong, tallowy and unpleasant. This organism, therefore, is unfavorable in its 
effect upon butter, producing undesirable flavors and aromas. 
Species No. 63. 

A short bacillus found at Elmwood, Conn. It renders the milk acid, curdling 
it after several days. Cream is filled with gas bubbles, is acid, and the butter 
made therefrom has a good, rich flavor, being decidedly good in character. 
Unfortunately, no note was taken at the time of the experiment of the aroma 
produced. 

Species No. 64. 

A bacillus found at Cromwell and also at Durham. It liquefies gelatine and 
digests milk into amphoteric or weak alkaline liquid, but with no proper curd- 
ling, and with rather an unpleasant odor. Butter made from the ripened cream 
possesses a good flavor and an aroma which is pleasant. ‘The cream has a 
slight putrefactive odor, but the butter made therefrom does not show the effect 
of this odor unless highly ripened. : 

Species No. 65. : 

A micrococcus form found at Durham, Wapping, Elmwood, Cromwell and 
Storrs. It does not liquefy gelatine. It curdles milk in about two weeks, 

rendering it acid. Cream becomes pleasantly sour, slightly acid to litmus, and 


the butter made therefrom has an excellent, first-class, rich flavor. The aroma 
of the butter, however, is slight—at all events, not that of butter. 


Species No. 66. 


A bacillus found at Cromwell and at Storrs. It does not liquefy gelatine. 
Milk is not affected by it, except that it becomes slightly transparent and alka- 
line. Butter made from cream ripened with the organism develops an excellent 
flavor, which is described as ‘‘ nutty,” and has a good aroma. ‘he butter has 
been described as first class, both in flavor and aroma. 


Species No. 68. 

A bacillus found at Cromwell. It liquefies gelatine and digests milk, some- 
times without previous curdling and sometimes with a previous curdling. The 
digested milk is strongly alkaline. The cream inoculated with it develops a 
slight flavor, but the butter made therefrom is practically tasteless and has no 
aroma, 
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Spectes No. 69. 

A bacterium found in Middletown. It liquefies gelatine, curdles milk in 
three to six days, and then digests the curd into a colorless alkaline liquid with 
a bitter taste. Cream is slightly thickened thereby, and the butter made from 
the cream has a sharp, almost bitter, sour taste, which is not specially pleasant, 
but the aroma is exceptionally fine, appearing to be identical with the aroma of 
the highest grade of butter. This fine aroma was developed in every case in 
which the experiment was made, and could hardly be distinguished from that of 
first-class market butter. The butter, however, was not first class, because the 
flavor was too sharp. 


Species No. 70. 
A micrococcus found at Durham. It does not liquefy gelatine, and has little 


effect upon milk. Butter made therefrom has a slight but good flavor; no 
noticeable aroma. 


Species No. 71. 
A bacillus found at Cromwell. It does not liquefy gelatine. Milk is curdled 


after three days at 36° and is slightly acid. Butter made from cream inocu- 
lated with it has a slightly sour taste, but a good flavor and no special aroma. 


Spectes No. 72. 


A bacterium found at Cromwell. Does not liquefy gelatine. It curdles milk 
at 36° in two days with an acid reaction. Butter made from cream inoculated 
with it has a very sour and decidedly unpleasant taste. When ripened suff- 
ciently to develop flavor and aroma both are decidedly disagreeable, and the 
butter is very poor. 


Species No. 77. 


A bacillus found at Cromwell. It does not liquefy gelatine, and upon milk 
it appears to have no effect. Butter made from cream inoculated with it has a 
very slight flavor and aroma, not unpleasant, but so slight as to make the butter 
rather flat and tasteless. 


Species No. 74. 
A bacillus found at Durham, and also at Elmwood. It does not liquefy gel- 
atine, and appears to have no effect upon milk, except to render it slightly slimy 
after about three weeks. Butter made from cream ripened by means of it has 


neither flavor nor aroma unless the ripening is continued too long, and then there 
develops a slight flavor of decay. 


Species No. 75. 


A micrococcus found at Durham. It does not liquefy gelatine. It has no 
effect upon milk, and produces butter which has neither appreciable flavor nor 
aroma. 


Spectes No. 76. 
A bacillus found at Durham. It does not liquefy gelatine, has no effect upon 


milk, and is absolutely without any influence upon either the flavor or the 
aroma of butter. 








BACTERIA IN THE DAIRY. a7 


Species No. 77. 


A bacillus found at Cromwell. It does not liquefy gelatine, and has no effect 
upon milk, except to render it slightly slimy. Butter made from cream inocu- 
lated with it develops a moderately good flavor and a good aroma, not very 
strong, but decidedly better in flavor and aroma than the control. 


Species No. 78. 

A micrococcus found.at Ellington and at Storrs. It does not liquefy gelatine. 
It renders milk acid at 20° without curdling it. The acid is sufficient, however, 
to curdle the milk when it is boiled. At 35° the milk is curdled. Butter made 
from the cream develops a decidedly pleasant flavor, unless the ripening is too 
long, when the flavor is rather sharp and bitter. There is, however, no notice- 
able aroma. ‘The organism develops flavor without aroma. 


Species No. 79. 

A bacterium found at Ellington, It does not liquefy gelatine. It renders 
milk acid, and sometimes curdles the milk after two weeks at a temperature of 
_ 20°, at other times not curdling the milk although rendering, it acid. At 38° a 
curd is developed. ‘The butter made from it is decidedly sour and unpleasant 
in flavor with no appreciable aroma. 


Species No. So. 


A micrococcus found at Ellington. It does not liquefy gelatine, has no effect 
upon milk, and no effect upon either the flavor or the aroma of butter. 


Species No. 82. 

A bacillus found at Ellington. It does not liquefy gelatine, and has no effect 
upon milk at any temperature, and no effect upon either the flavor or the aroma 
of butter. 

Species No. 83. 

A bacillus found at Cromwell. It liquefies gelatine and curdles milk, render- 
ing it slimy. The reaction is alkaline. The butter has a clean, sharp taste, with 
a yeasty aroma, 

Species No. &4. 

A bacillus found at Ellington. It does not liquefy gelatine, and has no effect 
upon milk except to render it slightly alkaline. It has no effect upon either the 
flavor or aroma of butter, the butter being tasteless. 


Species No. 85. 
A micrococcus found at Cromwell and at Storrs. It does not liquefy gelatine. 
It has no effect upon the milk, except to render it slightly alkaline and slightly 
slimy. It produces neither flavor nor aroma, the butter being tasteless. 


Species No. 80. 


A bacillus found at Cromwell. It does not liquefy gelatine. It does not 
curdle milk, but slowly digests it into a watery liquid which is alkaline. At 35° 
it is curdled and subsequently digested. Butter made from cream inoculated 
with it develops a strong taste of decay and a strong, unpleasant aroma. The 
butter is decidely unpleasant. 


4 
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Spectes No. 87. 

A bacillus found in Middletown. It does not liquefy gelatine nor curdle-milk 
at 20°, though it renders it sufficiently acid to curdle when heated. At 35° the 
milk is curdled and rendered acid. Butter made from cream ripened with it is 
not pleasant. Neither the flavor nor the aroma is that of butter, but is somewhat 
similar to that of cooked milk. 


Spectes No. 88. 


A bacterium found at Canton. It liquefies gelatine and curdles the milk in 
six days, rendering it alkaline, and subsequently digests the curd. When 
allowed to ripen cream for a moderate length of time it produces no effect 
whatsoever upon the butter, neither taste nor aroma being noticeable. 


Species No. Sg. 
A bacillus found at Cromwell. It does not liquefy gelatine but curdles milk 
in six days, rendering it acid. Cream is also thickened and soured, and butter 


made therefrom has too sour a taste to be pleasant. No record was made of 
the aroma. 


Spectes No. go. 
A bacillus found at Elmwood. It does not liquefy gelatine and has no effect 
upon the milk except to produce slight alkalinity. Butter made from cream 


develops a decidedly pleasant flavor, though slight. There is also developed a 
slight pleasant aroma. 


Species No. gr. 
A bacillus found at Canton. It does not liquefy gelatine. It curdles milk in 
six to nine days into a hard acid curd with a decidedly sour odor. When 


allowed to ripen cream it develops a good flavor in the butter, though not very 
strong. No aroma whatsoever appears to be produced. 


Spectes No. 92. 

A bacillus found at Elmwood. It liquefies gelatine. At 20° it digests milk 
without curdling it, producing an alkaline solution. At 36° it first curdles the 
_ milk and subsequently digests the. curd. Cream ripened with it produces butter 
without flavor or aroma. A strictly neutral species. 


Species No. 93. 
A bacterium found in Middletown. It does not liquefy gelatine nor curdle 
milk at 20°, though it renders it sufficiently acid to curdle when boiled. At 36° 
it curdles milk. Butter made from cream ripened by it has a sour and distinctly 


cheesy taste which is unpleasant. There is no butter aroma, though the cheesy 
aroma is noticeable. 


Species No. 94. 


A bacterium found at Elmwood and at Storrs. It does not liquefy gelatine 
but curdles milk in eleven to twelve days at 20° into a hard curd which is acid. 
Butter made from cream ripened by it is too sour to be good. A sour aroma 
also commonly developed. If the ripening be slight the flavor is not unpleasant, 
but the sour taste and aroma develop very quickly. 
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Species No. 95. 
A bacterium found at Wapping. It does not liquefy gelatine and has no 


effect upon milk. It has little effect upon the butter, producing a very slight 
flavor, which is pleasant, but no aroma. 


Species No, 96. 
A bacillus found at Cromwell, and also at Middletown. It liquefies gelatine. 
Occasionally it curdles milk, rendering it slightly alkaline. It produces no effect 
upon the butter, either as to aroma or flavor. 


Spectes No. 97. 


A bacterium found at Ellington. It does not liquefy gelatine and has no 
effect upon milk. Butter is not affected by it, having neither flavor nor aroma. 


Species No. 98. 


A bacillus found at Cromwell. It does not liquefy gelatine and has no effect 
upon milk except to render it slightly alkaline and transparent. Butter made 
from cream ripened by it has very little flavor, but it has a peculiar, though 
rather unusual aroma, which is unpleasant, and not a typical butter aroma. 


Spectes No. roo. 


A bacterium found at Canton. It does not liquefy gelatine and has no effect 
upon milk. Cream ripened by it gives butter a pronounced flavor which is 
rather unpleasant when strong, and is not a normal butter flavor. Slight aroma 
is developed, which is much like that of good butter. 


Spectes No. ror. 


A bacillus found at Middletown, Cromwell and Storrs. It liquefies gelatine 
and curdles milk into a soft curd, with no change in reaction. The curd is 
slightly digested and develops a cheesy odor. Cream ripened by it produces 
butter with a moderately good but slightly cheesy flavor, and it has a cheesy 
aroma. The variety found at Storrs appears to be identical with the others, 
except that is does not develop a cheesy aroma. 


Species No. 102. 


A. large bacillus found at Middletown. It liquefies gelatine and curdles 
milk into a soft, faintly alkaline curd, which subsequently digests with a rancid 
odor. When allowed to ripen cream for a normal length of time, however, it 
produces no flavor or aroma in the butter. 


~ 


Species No. 103. 

A very common bacterium found both in Middletown and Storrs. It lique- 

fies gelatine but does not curdle milk. It renders milk slightly alkaline and 

of a slightly dark color. Butter made by means of it develops a slight flavor 

which is not yery good, but not unpleasant. An unpleasant aroma of decay 
is developed, however, so that the butter is unpleasant. 


Species No. 104. 


A large micrococcus found in Middletown. It very slowly liquefies gelatine, 
and curdles milk in eleven days, with no change in reaction. This organism 
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appears to be extremely variable. It is, however, very common, being, indeed, 
one of the most common species found in the dairies studied. It has been 
found in several of the localities mentioned, but appears to vary in its effect 
upon milk and butter. It usually curdles milk, though occasionally not. Butter 
made from it sometimes develops a perfectly typical butter aroma, without any 
flavor,—as fine as that produced by any of the species studied. In other 
varieties, however, the aroma does not appear to be developed. From the many 
experiments made I have concluded that it is a widely variable species, varying 
not only in its general characters, but also in the type of decomposition it pro- 
duces. The effect of the different varieties upon butter can never be relied upon. 


Species No, 105. 


A bacillus found at Canton. It does not liquefy gelatine and has no effect 
upon milk, Butter made from cream inoculated with it develops a slight flavor, 
which has not an especially pleasant taste, but is not disagreeable. The aroma 
is noticeable, but very slight, and is not a typical butter aroma. ‘The butter is, 
in other words, moderately good, but not a first-class product. 


Species No. 106, 


A bacterium found in Middletown. It does not liquefy gelatine, and has no 
effect upon milk at any temperature. It produces no flavor and no aroma in the 
butter. 

Spectes No. 107. 

A bacillus found in Middletown. It does not liquefy gelatine or curdle milk 
at 36°. It renders milk, however, slightly acid, so that it curdles when heated. 
Butter made from cream ripened by it has a sour clean taste, but with little 
flavor besides the’ sour taste. It has a strong aroma, also, which is best devel- 
oped after about forty-eight hours of ripening. The aroma is strong, but not 
that of typical butter. 

Species No. 108. 


A bacterium found in Middletown. It does not liquefy gelatine or curdle 
milk, though it renders it slightly acid. At 35° it may, in some instances, 
curdle the milk. Butter made from cream ripened by it is slightly sour, but has 
a pleasant flavor. It has also an aroma which is decidedly sour, strong, and 
not typical; it is, indeed, rather yeasty. The flavor is thus good while the 
aroma is unpleasant. 

Species No. r09. 


A large micrococcus found in Middletown. It liquefies gelatine, curdles 
milk with subsequent digestion at 35°, and at 20° digests without curdling. 
The digested solution is strongly alkaline. Butter made from cream ripened by 
it is very little affected. There is very slight flavor and aroma, but the butter is 
quite flat and insipid. 
Spectes No. IIo. 


A micrococcus found in Middletown. It liquefies gelatine, curdles milk in 
one day at 36°, and in two days at 20°. It subsequently digests the curd, the 
resulting liquid being decidedly alkaline. Butter made from cream ripened by 
it, however, develops no appreciable flavor or aroma, though sometimes there is 
a slightly bitter taste. The organism is usually neutral in its effect on butter. 
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Spectes No. rrs. 


A bacillus found at Storrs and also in Middletown. It is an extremely com- 
mon organism. It liquefies gelatine, curdles milk rapidly at both 36° and 
at 20°, and digests into a watery alkaline solution. Butter made from cream 
ripened by it is bitter and unpleasant. It has, however, a decided aroma, 
though not a typical butter aroma. 


Species No. 112. 


A bacterium found at Storrs. It does not liquefy gelatine or curdle milk 
either at 20° or at 35°. The milk, however, is rendered acid, and curdles when 
heated. Butter made from it has a strong, unpleasant aroma, and a sour, 
unpleasant taste. What appeared to be the same species was found later in 
the same dairy, but its effect was not so bad, though it did not produce good 
butter. 


Species No, 153. 


A micrococcus found at Storrs and at Middletown. It appears to be the most 
common dairy bacterium found in these localities. It is very variable, ranging 
in its powers of producing pigment from a snow white to a deep orange. There 
are all intermediate grades, so that the extreme types are probably of the same 
species. It liquefies gelatine; curdles milk both at 36° and 20° into a soft 
curd which is amphoteric. It produces subsequently little or no digestion of 
the curd. In its effect upon butter it appears to be a favorable species, inas- 
much as the flavor that is produced is pleasant, though very slight. It pro- 
duces, apparently, no aroma. It cannot, therefore, be regarded as especially 
valuable in butter-making, but its influence is advantageous, so far as it has 
any at all. 


Species No. 114. 


A bacillus found at Storrs. It liquefies gelatine and curdles milk after 
six days. The curd is alkaline and is slowly digested. At 20° it digests with- 
out curdling into an alkaline solution. It appears to have absolutely no effect 
upon butter either in developing flavor or aroma. 


Species No, 115. 


A bacterium found at Storrs. It liquefies gelatine; curdles milk into a 
soft curd, which subsequently digests into an alkaline liquid. At 20° there is 
no curdling, but a digestion occurs without curdling. Its effect upon butter 
is ordinarily very slight. When cream is ripened for two days at a rather high 
temperature there is produced, however, a decidedly fine flavor of butter with 
a good aroma, though neither flavor nor aroma are quite that of typical first-class 
butter. 


Species No. 116. 


A large micrococcus found at Storrs. It liquefies gelatine very slowly. It 
does not curdle milk, but very slowly digests it into a watery liquid which is 
slightly alkaline. This effect is only produced after about four weeks. When 
used to ripen cream for a normal length of time it has no effect upon it whatso- 
ever, producing neither flavor nor aroma in the butter. 
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Species No. 117. 


A large micrococcus found at Storrs. It liquefies gelatine slowly. It renders 
milk quite strongly alkaline, but produces no other change. When used for 
ripening cream it produces butter with no aroma, and, practically, no flavor. Lf 
the cream is over-ripened a flavor and aroma of decay is noticeable. 


Species No. 119. 

A Sarcina form found at Storrs. It liquefies gelatine and curdles milk in 
three days at 20° with no change in reaction. Butter made from cream ripened 
by it is usually without flavor or aroma, but if the ripening be prolonged a flavor 
is produced, and a pleasant, though not typical, aroma. 


Species No. 123. 

A bacterium found at Storrs. It liquefies gelatine. It curdles milk rapidly 
at 36° into a hard alkaline curd which is rapidly digested. Butter made 
from cream ripened by it develops, when slightly ripened, no flavor and a slight, 
but unpleasant aroma. If the ripening is continued too long there is developed 
a flavor and aroma of decay. 


Species No. 125. 
A bacillus found at Storrs, where it is quite common. It does not liquefy 
gelatine. It curdles milk after two weeks with an acid reaction. ‘The acid 
appears first at the bottom, and later spreads throughout. Butter produced by 


means of it develops a sour, clean taste, pleasant, but rather too sour for good 
butter. It has, however, no appreciable aroma. 


Species No. 126, 


A bacillus found at Storrs. It does not liquefy gelatine. It has no effect 
upon milk, except to develop a slight cheesy aroma. Butter made therefrom 
develops a strong cheesy aroma and a flavor which is also cheesy, and with 4 
slightly decayed taint which is very noticeable and uniform. 


Species No. 129. 


A bacterium found at Storrs. It liquefies gelatine slowly. It curdles milk 
with an alkaline reaction. There is subsequently a slight digestion of the curd, 
and the liquid is slimy. Butter made from cream ripened by means of it has 
neither flavor nor aroma; or when more ripened, there is an aroma developed of 
an unusual character,— not that of butter. 


Spectes No. 130. 

A micrococcus found at Storrs. It does not liquefy gelatine. It renders 
milk acid, but does not curdle it. The milk, however, is in a short time ren- 
dered extremly slimy, and capable of being drawn out into long slimy threads. 
Cream inoculated by it also becomes slimy in an ordinary ripening, but there is 
no apparent effect upon the flavor or aroma of the butter, the butter appearing 
to be without either taste or smell. 


Spectes No, 171. 


A large bacterium found at Storrs. It liquefies gelatine and curdles milk 
in two days, with little change in reaction. Very slight digestion is to be seen. 











te 


at as 


SS hee 


ee ee 





BACTERIA IN THE DAIRY. 43 


Butter develops a rather sharp, sour (?) taste, which is pleasant and like that of 
good butter. No aroma is noticed. The butter has thus a good flavor, but 
without aroma. 


Spectes No, 132. 
A micrococcus found at Middletown and at Storrs. It does not liquefy 


gelatine and has no effect upon milk, except to render it slightly alkaline. 
Butter made from cream ripened by it has no appreciable flavor or aroma. 


Species No. 134. 

A bacterium found at Storrs. It does not liquefy gelatine. It renders 
milk sufficiently acid to curdle when heated, but does not curdle unless heated. 
Cream inoculated by it has a sharp, penetrating, musty odor and taste, and the 
butter made therefrom has the same sharp, penetrating taste and aroma. It is 
not unpleasant, but not typical, and the butter is not first-class. 


Species No. 136. 

A bacillus found at Storrs, which, while much like No. 97, differs from it in 

its effect on butter. When cream is ripened by it for two days, there is 

developed a decidedly good flavor, which is, however, not quite like that of good 
butter. If less ripened, no flavor develops. There is no aroma. 


Spectes No, 137. 

A bacillus found at Storrs. It does not liquefy gelatine. Sometimes it 
curdles and sometimes it does not curdle milk. There is no change in the 
reaction of the milk and no digestion. Butter made from cream ripened by it 
is without either flavor or aroma. 


Spectes No, 138. 

A large bacillus found at Middletown. It liquefies gelatine. It curdles milk at 
20°, producing a soft curd, which begins to digest almost at once into a color- 
less, cloudy liquid, which is alkaline. Butter made from cream much ripened 
by it has a decayed taste and aroma, and if only slightly ripened no appreciable 
taste or aroma is noticed. 

Spectes No. £39. 

A bacillus found in Middletown. It liquefies gelatine and curdles milk in six 
days without changing the reaction, or occasionally rendering it slightly acid. 
It develops later a prominent cheesy odor. Cream inoculated with it develops a 
cheesy odor and taste, and butter made therefrom has the same strong cheesy 
taste and flavor. 


Spectes No. 143. 

A micrococcus found in Middletown. It does not liquefy gelatine, and cur- 
dles milk at 20° in from six to nine days. There is no change in the reaction. 
Butter made from cream ripened by it has no flavor and no aroma, or, at most, 
a very slight aroma. If the ripening continues too long an aroma and flavor of 
decay make their appearance. 
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XII.—BACILLUS ACIDI LACTICI AND OTHER ACID ORGANISMS 
FOUND IN AMERICAN DAIRIES.* 





BY W. M. ESTEN, M. S. 


—_#+@——_ 


I.~—BRIHF HISTORY OF HARLY WORE 


In the year 1877 Lister, by means of a capillary pipette to 
which was attached a screw-head so adjusted that he could 
force out one-hundredth of a drop of a diluted solution of milk, 
obtained the first pure culture of a milk-souring organism, 
which he called Bacterium lactis. Lister thus has the honor of 
being the first to discover and isolate as a pure culture the 
organism which was subsequently more carefully studied by 
Hueppe, and named Lacillus acidt lactict, 

By means of modern bacteriological methods Hueppe was 
able to make a very thorough investigation of the physiological 
functions and morphology of this organism, which has been of 
much value as a standard for the work since done, even up to 
the present time. Although the characteristics of the organ- 
ism noted by him do not coincide in every detail with those of 
the organism recently studied by Gunther and Thierfelder and 
myself, they are all near enough in the essential points to be 
classed together. 

In 1886, Beyer, of Washington, D. C., studied lactic acid 
fermentations in milk, repeating some of the experiments of 
Hueppe. ‘The work was incomplete, for he reported studying 
but one sample of milk, and left out some of the more import- 
ant features of the analysis for determining the characteristics 
of this organism. ‘The morphology as described by him is 
identical with the one recently studied here. ‘The work is not, 
however, sufficient in detail to determine definitely whether or 
not he obtained Hueppe’s bacillus, though its power to curdle 
milk in a few hours was rather convincing evidence that he did. 





* The account herewith is taken from a more extended report which has been pre- 
pared by the author. 
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After Hueppe, Marpmann, Grotenfelt, and Keyser have iso- 
lated milk-souring organisms which agree very well with 
Hueppe’s bacillus. Many other investigators have isolated 
quite a number of organisms which sour milk, but which are 
not like Bacillus acidi lactic. 

- Investigators, both in Europe and the United States, having 
sought to discover Hueppe’s bacillus, and frequently failing to 
do so, though obtaining other milk-souring organisms, have 
concluded that there are a number of different kinds of 
organisms which have the power of producing lactic acid from 
milk sugar and thus precipitating the casein of the milk. 
This, doubtless, is true, but it does not preclude the fact that 
there may be one organism-which is so universally found in 
dairies, and is so commonly the cause of milk souring, as to 
deserve to be regarded as the lactic organism of milk par 
excellence. 

The question whether there is one or many organisms which 
commonly sour milk was discussed pro and con until 1894, 
nothing definite being determined. 

At this time Drs. Gtinther and Thierfelder published the 
results of their work.* The character of their work was of the 
highest order. ‘Their specimens of milk came from a large 
number of milkmen around the City of Berlin, giving a check 
to those specimens which might be abnormal, and ‘which if, by 
chance they were the only ones studied, might give an errone- 
ous conclusion. ‘The method used in the gelatine plate cultures 
was to put into the prepared gelatine a definite amount of cal- 
cium carbonate. This made a somewhat dense medium, but, 
since the carbonate is very soluble in acids, wherever an acid 
colony developed it would become surrounded by a clear spot. 
From a large number of experiments, and the constancy of 
results, they concluded that there was one organism identical 
with Ljister’s Bacterium lactis and Hueppe’s Lacillus acide 
lactict, which caused the true ordinary souring of milk. 


II.—GENERAL STATUS AND OUTLINE OF FACTS. 
In the United States there had been no analytical work on 
the acid organisms of milk as a distinct work by itself, until 
October, 1894, when a series of experiments were commenced 


* “ Bacteriologische und Chemische Untersuchungen iiber die spontane Milchgerin- 
nung.’ Aus dem Hygienischen Institut der Universitat, Berlin. Archiv fiir Hygiene. 
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in the Biological Laboratory of Wesleyan University, to deter- 
mine whether a miscellaneous collection of species of bacteria 
caused the common acid fermentation of milk. or whether 
there is a special one which is ubiquitous and like the one 
found in Europe. 

Several organisms were isolated from milk and studied. It 
was a prominent fact that the majority of organisms were 
anaerobes or facultative anaerobes. ‘These were discarded as 
many others have done in studying milk organisms because 
they do not grow on the surface of culture media, or if they 
do, grow very scantily. The territory studied was in the city 
of Middletown and a section of Northern Rhode Island. Some 
species were found to be identical in both localities, but 
nothing definite was determined. Some species curdled milk; 
others made it acid, without curdling. There was this striking 
fact that there was no one organism in either place which 
seemed to produce a typical sour milk. 

In the early part of the present year (1896) a second series 
of experiments were conducted, in which it was considered 
advisable to make a study of milk in a much wider territory. 


In these experiments the facultative anaerobes were picked 


out and studied. Some of these were found to be very strongly 
acid when grown in blue-litmus gelatine, which was especially 
prepared for the study of the acid organisms. 

The widest extent of territory from which samples of milk 
have been received is from Ohio to Massachusetts and from 
Maine to Pennsylvania. 

Through the kindness of students I have been enabled to 
receive these samples of milk from many localities and a wide 
extent of territory. The definite localities are Elyria, Ohio; 
Buffalo, Western; Wellsboro, Northern; and two places on 
Long Island, Southern New York; Mahanoy City, Pennsyl- 
vania; Turner’s Falls, Northern; and Uxbridge, Southern 
Massachusetts; Mt. Desert Island and North Wayne, Maine; 
Plymouth, New Hampshire; Eastford, Norwich, Higganum 
and Middletown, Connecticut; Glendale and Oakland, Rhode 
Island. Single samples have been received from Wellsboro 
and Long Island, New York; Mahanoy City, Pennsylva- 
nia; Turner’s Falls, Massachusetts; North Wayne, Maine; 
Plymouth, New Hampshire; Norwich, Higganum and East- 
ford, Connecticut. From the other localities from two to five 
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specimens have been received from the same place. ‘Ihe Rhode 
Island locality was very carefully studied. Milk was collected 
from twelve dairies in this section, in as fresh a condition as 
possible. In four samples it was taken direct from the teat. 
From most of the dairies many samples have been received, 
some of mixed milk, others from one cow. 

Thirty dairies have furnished fifty-three samples of milk, 
from which one hundred and eleven colonies have been isolated. 
Thirty-four of these were discarded as not producing acid, or 
as nearly anaerobic. Of the seventy-seven studied, forty-seven 
of them appeared to be the same species. Although the an- 
alysis of these forty-seven severally is not identical in some of 
the minor details, yet in the most important distinctions they 
agree. The distinctive character of this species is the power 
of curdling milk in a very short space of time. The actual 
limit has not been determined; but sterile milk inoculated 
with a small amount of culture, placed at thirty-five degrees 
centigrade, was examined in twelve hours and found to be 
thoroughly curdled. At the normal room temperature it cur- 
dles milk in from sixteen to thirty-six hours. 

Along with this species, and supposed to be the same when 
first picked out, were ten others, which in all the culture tests 
seemed to be identical in character with the forty-seven, with 
the exception that they did not curdle milk, although they did 
make it acid. Some rendered milk strongly acid, others weakly 
acid. ‘These facts seem to suggest that they are the same spe- 
cies as the forty-seven, but that these ten had lost the power 
of curdling milk. 

Of the twenty remaining organisms ten were aerobes and 
produced acid sufficient to curdle milk. ‘Three of these were 
the same species, one coming from Ohio, and the other two 
from Massachusetts. ‘These aerobic acid organisms were taken 
from six samples. ‘The forty-seven facultative anaerobic acid 
curdling specimens, which were alike, were found in the fifty- 
three samples of milk studied. 

III.—TECHNIQUE OF EXPERIMENTS AND ANALYSIS OF THE 
PRINCIPAL ORGANISM. 

Ordinary peptone-gelatine was prepared, to which was added 
3 per cent. of milk sugar and dry blue litmus, in the propor- 
tion of one to thirty parts of the culture medium. The gelatine 
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solution was neutralized so that it was slightly acid to phe- 
nolthphaline. Into this blue gelatine a small amount of diluted 
souring milk was inoculated, in the usual manner. After 
three or four days small red spots appeared where the acid bac- 
teria developed. ‘This simplifies the work very much, since 
the acid and alkaline organisms are differentiated at once. All 
of the culture media were prepared with three per cent. of 
milk sugar. 

Fresh milk was allowed to Stel until it commenced to 
curdle. At this stage there would be more of the typical acid 
organisms than at any previous or subsequent time in the 
changes of the milk. The dilutions were made with a platinum 
loop full of milk in five centimeters of sterile water. Those 
plates in which liquefiers were present prevented the discovery 
of the slow-growing acid organisms. When but a few or no 
liquefiers were present, in three or four days there would 
appear below the surface bright red spots, which showed very 
clearly in the surrounding blue. Not many acid colonies grew 
on the surface of the gelatine. She most abundant on the 
surface were moulds, yeasts, neutral and alkaline bacteria. 
The first sample of milk from one dairy had nearly a pure cul- 
ture of an alkaline liquefier, although the milk was acid in 
reaction. ‘The next sample from the same place, collected two 
weeks later, had not a single liquefier, but a nearly pure cul- 
ture of one organism, which appears to be the one so commonly 
present in nearly all the samples, and agrees so closely with the 
one isolated by Gtinther and ‘Thierfelder that it is called 
Bacillus acidi lactict of Hueppe. 


PHYSIOLOGICAL AND MORPHOLOGICAL CHARACTERS OF BACIL- 
LUS ACIDI LACTICI AS FOUND IN MILK IN 
THE UNITED STATHES. 


I.— BLUE LITMUS GELATINE. 


It requires from two to three days to develop a typical colony. 
Under a low power of the microscope, one inch objective, a 
small colony appears, surrounded by an intense red halo. 
The colony appears to be covered with short stumpy spines, 
which give it the appearance of a chestnut burr, and from 
which it has been named the burr colony. Under a high power 
these spines are found to be granular processes which extend 
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for a short distance into the surrounding medium. In some 
instances there will be a dark centre surrounded by a lighter 
rim. ‘Their size is always less than one millimeter. ‘The more 
common appearance under the microscope is a dark-colored, 
spiny, slightly yellowish colony, homogenous in density. ‘hey 
never appear to grow on the surface, but, in some cases, very 
near the surface, with a thin layer of gelatine above it raised 
by the growth of the colony. 


II.—ORDINARY GELATINE. 
There is produced in this medium a small circular colony 
which is finely granular; pearly white by reflected light, and 
slightly yellowish by transmitted light. The growth is very 


slow. 
MORPHOLOGY. 


In bouillon there appear short plump rods, many of them in 
figure 8’s, some in chains of three to six in number. ‘To make 
these, a rod, after lengthening, partially breaks up into five or 
six. The common method of multiplication is, for a rod to 
lengthen and divide in the middle, the connection between the 
two remaining for some time. Average size is 1.24 long by 
.7u wide.* | 

| MOTILITY. 
They are never motile. 


| TEMPERATURE. 

The growth is very rapid in milk at temperatures from 28° 
to 37%° C. On agar-agar they do not grow so rapidly ata 
high temperature, and even, in some instances, do not grow 
on the surface of agar-agar at 37%° C. 


RELATION TO AIR. 
They grow more vigorously out of contact with the air, 
under mica plates producing more acid than in free gelatine. 


GELATINE STAB CULTURES. 
Growth entirely below surface along the needle track, which 
is abundant, beady, rough, and densely white. 


AGAR-AGAR TUBES. 
It grows on the surface of agar-agar very scantily, not more 
than one or two mm. wide, in avery thin layer. If held to the 








* vu, equals of an inch. 
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light, at the proper angle, spectral colors will be observed. The 
stab growth in agar-agar is more abundant, and affords the only 
method of keeping it alive, because it soon dries up the surface 


and dies. 
CULTURE ON POTATO. 


Grows on potato very sparingly, in a thin, pearly, white 
layer, sometimes scarcely visible. 


BOUILLON. 

In milk-sugar bouillon the liquid becomes densely turbid. 
In a week it gradually settles, giving a light gray sediment in 
-a clear liquid. No scum or gas production is observed. Some- 
times a light-colored ring is formed on the glass at top of liquid. 


STERILIZED MILK. 

Cultures inoculated into sterile milk at 20° C. curdle it in 
‘twenty-four hours. At 35° C. it curdles milk in less than twelve 
hours. The curd is homogenous and of jelly consistency, so 
that the tube can be inverted without displacing the contents. 
The milk shrinks in curdling, leaving a concave surface on the 
top of the milk. After the curdling the milk undergoes no 
further visible change. A few drops of clear whey separates 
on top of the milk. The curd and clear liquid are intensely 
acid. No evidence of gas production or odor present: 


GENERAL REMARKS. 

It does not appear to produce spores. Hueppe describes 
‘it as a spore-forming species, but this appears to be an error. 
In staining specimens of these organisms the centers quite 
frequently remain unstained, which might lead to the miscon- 
ception that spores are present. The unstained portion does 
not show a glistening appearance, which is an optical effect 
produced by spores. 

The organism is quite difficult to cultivate. It lives but a 
short time on the surface of agar-agar, grows entirely below 
surface of gelatine, and very slowly in culture media at ordi- 
nary room temperatures. Its home seems to be milk, where. 
it flourishes to the best advantage at a temperature nearly that 
of the heat of the body. 

The habitat of this organism is a problem which is interest- 
ing for further investigation. A few experiments were tried 
to determine whether it came from hay dust or some other 
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source. Hay and hay dust were collected from three barns 
and put into sterile milk and left to undergo fermentation. 
The changes were very tardy in making their appearance. In 
a few days the milk curdled and gelatine plate cultures were 
made from the milk tubes. There were several kinds of alka- 
line and acid organisms, but none that resembled Baczllus acidi 
lactict. ‘There was present a very vigorously growing, strongly 
acid-producing organism. 

Four experiments were tried with milk direct from the cow’s 
teat. The first experiment from a cow in Rhode Island was 
very remarkable. The milk collected was the first drawn, in 
which it is supposed that the germs are most abundant. ‘The 
milk remained in a warm room for twenty-two days before it 
curdled, and the organisms then obtained from it were not acid. 

The second experiment from the same cow gave a nearly 
pure culture of Bacillus acidi lactictz. -’'Two experiments were 
tried in the same manner with the milk of a single cow in 
Massachusetts, both of which gave a majority of Bacillus acidi 
lactict colonies. From these insufficient data is suggested the 
possibility that Bacillus acidi lactict comes from the cow in the 
milk duct, since its maximuin temperature of growth is about 
that of the body temperature. 

There were three species of organisms so closely allied to 
Bacillus actdi lactict that I consider them varieties of that 
organism. The first was found at Sagaponack and Miller’s 
Place, New York, and Glendale, Rhode Island. The points in 
which it differs from Aaczllus actdi lactict are, that it does not 
grow at 35° C., and though it renders milk strongly acid it does 
not curdle it. [The second, found at Glendale, Rhode Island, 
was almost identical with the first, except that it rendered milk 
only slightly acid. The third, found at Uxbridge, Massachu- 
setts, was like the second, but grew at 373° C. | 
Many of the specimens of milk yielded a nearly pure culture 
of Bacillus acidi lactict<. ‘When the milk was set aside to sour, 
many of the alkaline species disappeared as the lactic acid 
increased in strength. On the other hand, some specimens of 
milk had so many liquefiers that it was difficult to obtain from 
the gelatine plate cultures the slowly growing Aaczllus acidt 
lactict, which doubtless soured the milk and made it acid, but 
did not have time to develop before the gelatine was liquefied. 
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AEROBIC ACID CURDLING ORGANISMS. 


Ten different species were isolated, which will be more fully 
described in a later publication. Nearly all of these were 
abundant gas producers, both in gelatine and milk. When 
these were inoculated into sterile milk, they commonly caused 
much separation of whey and digestion of the curd. A few 
curdled milk only when grown at 35° C. One species was 
found in three places in Ohio, and two places in Massachu- 
setts. Some of them produced a typical curdling of milk 
without subsequent digestion. 


CONCLUSION. 


It is necessary to repeat more fully the experiments in the 
territory covered and to obtain data from other places before a 
valuable, scientific conclusion can be drawn. It is of course 
possible that the forty-seven organisms isolated are a collection 
of many species, but the evidence from the data obtained 
leaves no doubt in my mind that they are the same species. 

Milk from thirty widely separated localities in New York, 
Pennsylvania, Ohio, Maine, New Hampshire, Massachusetts, 
Rhode Island and Connecticut, yielded, with two exceptions, 
apparently the same organism. This fact throws the weight 
of evidence on the side of the belief that one organism univer- 
sally exists in the territory studied, which produces the ordinary 
souring and curdling of milk. ‘This organism seems to be 
identical in every particular with that of Gunther and Thier- 
felder, who concluded that their organism was the same as 
Lister’s Bacterium lactis and Hueppe’s Bacillus acidi lactict, 
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PeoluUDY OF RATIONS FED TO; MILCH COWS IN 
CONNEC EICUL 


RHPORTEHD BY W. O. ATWATER AND C. S. PHELPS. 
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The study of rations fed to milch cows on dairy farms in 
this State, which was begun in the winter of 1892-93, has 
been repeated each winter since. 

Detailed descriptions of the work of the first three winters 
have been given in the Station publications.* The results of 
the fourth winter’s work (1895-96) are here reported. 

Each herd was selected after a personal inspection, or after 
sufficient correspondence to satisfy ourselves of its fitness for the 
proposed test, and a representative of the Station was present 
during the whole period of each test and personally attended 
to the details of the experiment, such as weighing the feeding 
stuffs, and taking samples for analyses, and weighing, sampling 
and determining the butter-fat in the milk. This work was 
faithfully performed by Mr. C. B. Lane, at that time Assistant 
Agriculturist to the Station. 

In the first winter’s work (1892-93), which was regarded as 
preliminary to an investigation that might extend over a series 
of years, it was thought better to examine a relatively large 
number of herds, each during a short period, than to make the 
periods longer and the number of herds less. Sixteen herds 
were visited and a five-days’ test was made of each. 

In the second winter’s work (1893-94) six different herds 
were visited, and in four cases the time of study of the man- 
agement and products of each herd was extended to twelve 
days. ‘The analyses of the feeding stuffs were made at once, 
and the weights of nutrients in the rations as fed were calcu- 
lated. In three instances other rations were therettpon sug- 
gested by us as being better than the ones that had been used. 
The owners gradually changed the food to the ration thus pro- 
posed, and after an interval of four weeks from the close of the 





* Reports of this Station for 1893,. pp. 69-115; 1894, pp. 26-56; and 1895, pp. 40-76. 
Bulletin 13 of this Station. Reports of the Connecticut Board of Agriculture, 1893, 


pp. 182-199; and 1894, pp. 131-146. 
yi 
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first test, another twelve-days’ test was made of the same herd. 
A comparison was thus made of the yields of milk and butter- 
fat with the two different rations. : 

During the third winter (1894-95) four herds were visited, 
each herd being under observation for twelve days at two dif- 
ferent periods in the same manner as the three herds studied 
in 1893-94, except that there was only a two-weeks’ interval 
between the two tests on the same herd. 


HERD TESTS DURING 1895-96. 


During the fourth winter (1895-96) two herds were studied 
in a similar way, except that in the one case the ration with 
much larger quantity of protein, and a much narrower nutti- 
tive ratio than usual, was used. Samples of the different feed- 
ing stuffs used in the tests were taken early in each test and 
sent to the laboratory for analysis. 

In the earlier tests, as soon as it was possible to obtain the 
results of the analyses, the proportions of nutrients in the 
ration fed was calculated, and suggestions were made for 
changes in the ration. After changes had been made and the 
animals had been upon the new ration for two weeks or longer, 
the herd was again visited and a new twelve-days’ test was 
made. In the tests during 1895-96 the Station representative 
stayed at the farm and made the change of ration. In these 
cases only nine days intervened between the two tests on the 
same herd, and it became necessary to calculate the first ration 
from average tables of analyses, as a basis for formulating a 
new ration. This was done with the idea that it would be 
best to have the Station make the change of feed. ‘The time 
proved rather short, however, for making the change, and the 
present winter (1896-97) we have gone back to the plan of 
allowing two weeks between tests on the same herd. 

The chief points upon which information was obtained were: 

Number of animals in the herd.—In considering the number 
of animals, only those which came into the test were included. 
Usually these were all of the cows on the farm which were in 
milk at the time of the test, except those which were nearly dry. 

Breed, age, and approximate weight of each cow.—The breed 
and age were obtained as accurately as possible from the owner. 


Since it was not practicable to take to the farm scales large 
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enough on which to weigh the cows, the weights were esti- 
mated. ‘This estimate was made in each case by the Station 
representative, and it is thought that the errors of judgment 
may run more or less equally through all the herds examined. 


Number of months since last calf.—In most cases the time at 
which the cow dropped her last calf was known. 


Number of months till due to calve.—There was, of course, 
more or less uncertainty in this regard. 


Weights of milk-flow for the twelve days of the test.—The milk 
of each cow at each milking was weighed as soon as milked, to 
the nearest tenth of a pound, by the Station representative. 


Percentages and amounts of butter-fat in the milk.—A sample 
of the milk of each cow, night and morning, was taken, and 
from the combined sample a determination of the quantity of 
butter-fat was made. ‘The Babcock method of fat determina- 
tion was employed. From the percentages of butter-fat in the 
milk, and the total weights of the milk, the daily yields of 
butter-fat were obtained. 


Kinds and weights of foods used.—The feeder was requested 
to use the same kinds and amounts of feeding stuffs during 
the test period as he had previously been using. The quan- 
tity for each animal was weighed by the Station represen- 
tative just before feeding. Any portions of the food left 
uneaten by the cows were carefully weighed, and due allow- 
ance was made for these uneaten residues in estimating the 
amounts daily eaten.’ During the test, usually on the third 
day, samples of each feeding stuff used were carefully taken 
and at once sent to the laboratory for analysis. From the 
results of the analyses and the weights fed, the total nutrients 
(protein, fat, nitrogen-free extract, and fiber) fed each day 
were calculated. By the use of digestion coefficients, estimates 
were made of the weights of digestible nutrients in each day’s 
ration. 

The names and post-office addresses of the owners of the 
herds studied by the Station during the four winters, 1892-93, 
1893-94, 1894-95, and 1895-96, are given beyond, on page 
64, together with the dates at which the Station representative 
was at the farm. At the left, in the first column of figures, is a 
reference number for each test. In the remaining tables, and 
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in the discussion, the herds entering into the tests and the 
rations fed are designated by these reference numbers. 

The experiments of the winter of 1895-96, which are here 
reported, were made with herds of: 


Mr. Simon Brewster, Jewett City. Test No. 35, December 3-14; and test 
No. 37, Dec. 22—Jan. 2. 

Mr. H. R. Hayden, East Hartford. Test No. 36, Feb. 11-22; and test No. 
38, March 6-17. 


EXPLANATIONS. 
The following brief explanation of nutrients of feeding stuffs 


and their uses is reprinted from the Report of this Station for 
1894: 

Uses of food.—The two chief uses of food are to form the materials of the 
body and make up its wastes, and to yield energy in the form of heat to keep 
the body warm and in the form of muscular and other power for the work it has 
to do. The principal tissue-formers of the food are the protein or nitrogenous 
compounds. ‘They build up and repair the nitrogenous materials, as the muscle 
and bone, and supply the albuminoids of blood, milk, and other fluids. The 
chief fuel ingredients of the food are the carbohydrates (such as sugar, starch, 
etc.,) and fat. These are either consumed in the body or stored as fat to be 
used as occasion demands. 


Fuel value.—Vhe value of food as fuel may be measured in terms of potential 
energy. The unit commonly used is the calorie. One calorie is the amount of 
heat necessary to raise the temperature of a pound of water about four degrees 
Fahrenheit.* From experiment it has been found that a pound of protein or 
carbohydrates yields, when burned, about 1,860 calories of fuel value, and that 
a pound of fat yields about 4,220 calories. 


Nutritive ratio.—There is a very important relation between the amounts of 
protein (flesh formers) and the amounts of fuel constituents of a food. This 
relation is expressed by the nutritive ratio. The fuel value of fat is about two 
and one-fourth times that of the carbohydrates and the protein, hence it happens 
that if the sum of the digestible carbohydrates and two and one-fourth times the 
digestible fat of a ration is divided by the amount of digestible protein in the 
ration, the quotient gives what is called the nutritive ratio. 


Wide ration.—Narrow ration.—lf the quantities of digestible fat and carbo- 
hydrates are large relative to the protein, the nutritive ratio will be a large num- 
ber and the ration is called a ‘‘ wide ration;” if the quantities of digestible fat 
and carbohydrates are relatively small, the quotient is a small number and the 
ration is a ‘‘narrow” one. A ration where the nutritive ratio is much more than 
1:6 may be called a ‘‘wide ration;” if much less, it may be called a ‘‘ narrow 
ration.” 

Nearly all of the grasses and hays have a wide nutritive ratio, and the same is 
true of corn and many of its products, such as meal and hominy chops. The 
use of such feeding stuffs will tend to make a ration wide. The legumes, such 


’ 





* The calorie is exactly the heat necessary to raise the temperature of one kilogram 
of water one degree centigrade. It is equivalent to 1.5 foot tons, or to the mechanical 
power that would lift 1.5 tons one foot. 


; 
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as clover, peas, vetch, etc., and many of the products of milling and food manu- 
facture are relatively rich in protein, and hence have narrow nutritive ratios. 
The measure of the size of a ration.—In order that a ration may be complete, 
there must be enough digestible protein supplied in the food to build new tis- 
sues (bone, muscle, milk, etc.,) and repair the wastes of the body, and sufficient 


digestible fat and carbohydrates to furnish heat and muscular energy. As the 


chief function of the fat and carbohydrates is to serve as fuel, it is more import- 
ant that enough of these should be provided to meet the needs of the animal 
than that they should be supplied in definite relative proportions. It is, there- 
fore, possible to form a very good idea of the nutrients furnished in a ration, 
and to measure its size by the quantity of digestible protein or flesh-formers 
which it contains, and the fuel value of its digestible constituents. 


RESULTS OF THE EXPERIMENTS. 

Tables 1 to 8 inclusive contain the results of the observations 
and studies of the different herds. 

The following abbreviations are used in the tables: 
Abbreviations used in report of rations fed to milch cows. 
Grade, Hol. = Holstein. Jy. fersey. Nat. = Native. 

The tables are alike in arrangement, and a description of one 
will serve forall. Hach table contains the condensed results of 
a single test. Table 1, for instance, gives the statistics for herd 
test NO. 35. 

The first part of the upper table gives a reference number 
of each animal, its breed, age, weight, and number of months 
since last calf. The smallest daily milk flow, the greatest daily 
milk flow, and the average daily yield of milk for the period of 
the test are given in the next three columns. In the three 
following columns are given the lowest, highest, and average 
percentages of fat found in the daily milk of each cow for 
the period. The last named figures were obtained by adding 
together the several daily determinations and taking the aver- 
age as representing the whole period, hence this actual average 
is not always half way between the highest and the lowest. 
The yield of fat is given in the last three columns of the first 
or upper part of the table. The minimum and maximum yields 
of fats were obtained by multiplying each day’s milk by its 
percentage of fat; the lowest number thus obtained gives the 
minimum daily yield of fat, and the largest the maximum yield 
of fat. It is to be noted that these numbers are not always the 
same as would have been obtained by multiplying the minimum 
and maximum daily milk flow by the minimum and maximum 
percentages of fat. 
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The lower part of each table gives the kinds and amounts of 
the different feeding stuffs eaten per day, and the weights of the 
digestible nutrients (protein, fat and carbohydrates) which they 
were estimated to furnish. The weights of foods and nutrients 
are calculated per 1,000 pounds live weight and also ‘‘ per aver- 
age weight’’ of each herd. ‘These last figures, which are given 
in the last five columns of the table, represent the average 
amount actually fed per animal. 

All of the different feeding stuffs used in these rations 
were analyzed. From the weights of the different feeding 
stuffs, the results of the analyses, and the digestion coeff- 
cients given in the following table, the weights of digestible 
nutrients were calculated in the usual way. ‘The fuel value, or 
potential energy furnished by the different foods, was obtained 
‘by multiplying the number of pounds of protein and of carbo- 
hydrates by 1,860, and the number of pounds of fat by 4,220, 
and taking the sum of these three products as the number of 
calories of potential energy in the materials. 

The rations fed in 1895-96 are summarized with those of the 
three previous winters in table 5. 


DIGESTIBILITY OF FEEDING STUFEFS. 


We have had frequent occasion to insist in the publications 
of this Station that the estimates of the quantities of nutrients 
in these rations, and in feeding stuffs generally, are not 
absolutely accurate unless the feeding stuffs themselves are 
accurately analyzed, since materials of the same kind vary 
considerably in composition and the figures ordinarily printed 
in tables of composition represent only general averages. ‘The 
same is true of the digestibility of a given amount of protein 
in a feeding stuff or a ration, a larger or smaller portion may 
be digested in a given case. The proportion digested will 
depend upon the digestive powers of the animal and the char- 
acter of the feeding stuff. The same is true of the fats and 
carbohydrates. The proportions of each ingredient which are 
supposed to be actually digested are commonly expressed in 
percentages, and in that form are designated as coefficients of 
digestibility.* | 





* For explanations of these subjects, see articles on digestion experiments, and 
especially articles on the digestibility of feeding stuffs and the calculation of rations 
in the Report for 1893, pages 156 and 168. > 
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The coefficients of digestibility used here are given in the 
following table. They are practically the same as those used 
in previous reports. They are based upon the results of 
digestion experiments with domestic animals. Where such 
experiments have been made in this country, in sufficient 
number to give reliable results, these are used for the coefficients. 
In other cases the results of European (and especially German ) 
experiments have been drawn upon for the purpose. 


Coefficients of digestibility employed in calculating the digestible 
nutrients in the different feeding stuffs used 
in these rations. 


























CARBOHYDRATES, 
KIND. Protein. Fat. Nitrogen- 
free Fiber. 
f Extract. 
fo % % % 
Wheat bran,~ - - - - : 7h TOs yas 337 
Linseed meal, - - = 5 : 86+ got 8ot 50+ 
Cotton seed meal, " 2 : : 89* 100* 68* 357 
Wheat middlings, - : - - 79" 85* 83% B37 
Corn meal, - - - - - 76+ g2t 87+ 58t 
Gluten meal, - = - - - Sy" 88* ropes oat 
Good quality hay, - - : é bA* 54* 63" 5a 
Poor quality hay, - - - - 45* A5=e i. Goe 46* 
Clover hay, : + - é - Gis 49* 65" 46* 
Oat hay, - : : - : . aa 61 coe Ase 
Corn stalks (stover), - . . 5a" Bon 64* 66* 
Potatoes, - a - : . 44* tee git — 











* From results of American digestion experiments. 
+ From results of German digestion experiments. 

In order to show the range of variation from day to day in 
the feeding of the same herd, the minimum and maximum 
daily rations per 1,000 pounds live weight and per average 
weight of each herd are appended in the tables. The size of 
the ration is here measured by the fuel value of the digestible 
nutrients (protein, fat, etc.). A ration which has a large fuel 
value may have a small amount of a given kind of food ora 
given kind of nutrients. Hence it sometimes happens that the 
minimum of one of the nutrients furnished by a certain kind 
of feeding stuff in a given ration may be greater than the 
average of the nutrients in that ration. The same may happen 
conversely, in the case of the maximum. 


e 


60 STORRS AGRICULTURAL EXPERIMENT STATION. 


(PARLE. 


Dairy Test No. 35.—Statistics of herd from December 3 to 
December 14, 1895. 











| Ref. No. 

































































Py os DaAILy DaiLty PERCENT- DaILy 
o em) MiLk FLow. AGE OF Fat. YIELD OF Fart. 
BREED. 2 Sree beate is 

= = 5 Min.| Max.| Avg.| Min.| Max.| Avg.| Min.|] Max.| Avg. 
| Yrs. | Lbs. | Mos.| Lbs. | Lbs. | Lbs. G % q Lbs alsbswielbss 
1} Native, -| 7 |800| 2 |14.4|16.2} 15,1) 4.7-| 5.3] 5.1 | .71 | .831 .77 
2| Native, =| 9 |750| 14 |10.5|12.7| 11,6) 3.91 5.2) 4.40 dae oan 
BG. Jy:; - | If | 765] 1°| 25.2) 20.2) 27,4) 2.9) 3.61 6.2 1677 ou ene 
4, G. Jy., - | 11 | 850] 3 |12.9)14.8] 14,0] 3.4 | 5.8 | 4.8} .47| .80| ,60 
Brats cl Va, - | 10 | 825! 2 | 16,3) 22.3) 20,6] 4.1 | 6.494.9 | 83 11 -Osiaeot 
6G. Jy... 1). 10.) 725] 3°113,.7) 15.4) 14,4) 3.51) 5708.9 105i eens 
mG. Lys, "| 10 | 675| 2 | 12,1) 16.6) 15,1) 3.8 | 6.3 | 4,9 )053 feo 
8| Native, - | 4 | 700] 2 |19.r/21.7/ 20,8) 3.01 3.7 16.8). Gime eee 
g} Native, -- | 12 | 750} 8 | 7.9/11.6| 9.8) 4.6/5.9 | 6.3 |..36)) snonmeeme 
to} Native, -| 8 |775| 4 |16.6|18.6) 17,5] 3.8 |4.9] 4.4 | 655) omy e 
I1| Native, -| 7 |800|] 4 |17.5/19.0/ 18,4) 3.8 | 4.6] 4.2|.71| .87| .77 
| Herd avg.,- 7 175 a eee pay 16,7 cao | es 4.8 “or oy, 72 











Pounds of food and nutrients per day per rooo pounds, live 
weight, and per average weight (775 pounds) of herd. 








































































































PER 1000 Lgs., LIVE WEIGHT. | PER gira eS (775 
. | DIGESTIBLE NUTRIENTS AND | . | DIGESTIBLE NUTRIENTS 
‘ > FuEL VALUE. ewer AND FuEL VALUE. 
KiInpDs oF Foon. Kan) oA |. 
oO ; on 
© - © Sy 3 «A 
Be fe ah Mud oe 1 nee les i eS ry aes 62 bead: 
a0 = S sp hg CR Ce oat atl 2 = joe Bo 
G By 3 © | oD 2 fy io w 
ele | PORN| SP | ele ° ae 
Average per Day, | Lbs. | Lbs. ‘Lbs Lbs.-| s: | Cal:"| Lb; | Lbs. Lhel a pee ianaee 
Corn meal, - -| 4.1] .29].20] 2.54] — | — | 3.2] .22).15| t.97) 
Wheat bran, - - | 2.2} .30/.08! .93) — | — I.7| .23|.00)- 9492) ns 
Wheat middlings, - | 3:1 42} 10} (107) —— bet 2.4/ .33).08} 1.29) — 
Total conc. food, - | 9-4] 1.01.38] 5.14) 5.913050) 7.3} .78].29| 3.98) 10050 
Oat hay, 2 - | 8.7] .36).19} 3.147 — |. —= | 6.8) .28) iso aan 
Corn stover, - - [14.1] .47|.15| 6.71) — | (== | 10.9}. .36) 12) 5.20 
Total coarse food, - | 22.8) .83}.34) 9.85|12.8 21300/17.7| .64|.27| 7.63/16550 
Total food, - | 82,2) 1,84) .72 14.99) 9.0 34850 25.0) 1.42) 56) 11.61/26600 
Minimum per Day. 
Concentrated food, 9.2] .99|.38 5.00} 5.9/12750) 7.1| .77|.30| 3.88] 9900 
Coarse food, - - 18.4] .67].30| 6.70) 11.0)14950| 14.3] .52|.23| 5.19|11600 
Total food, - | 27.6) 1.66) .68) 11.70) 8.0/27700] 21.4] 1.29|.53] 9.07/21500 
Maximum per Day. | 
Concentrated food, _ 8.7] .96].35| 4.71} 5.7/12050| 6.7 -74|.27| 3.65) 9300 
Coarse food, - = 9 20;5). G0 -39) 11.26] 12.6/24350) 20.2} .74|.30| 8.73|18900 
Total food, - | 34.81 1.92.74) 15.97! 9.2!36400] 26.9! 1.48] .57] 12.38|28200 
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TABLE 2. 


Datry Test No. 36.—Statistics of herd from February rr to 
February 22, 1896. 










































































fe) 3 oa DaILy | DatLty PERCENT- DaiILy 

A B oe Sy la Mire Flow: AGE OF Fat. | YIELD oF Fart. 
= REED, 2 3 aa ; | | 

4 = So Min. Max. Avg.| Min.| Max.| Avg.| Min.) Max.| Avg. 
Yrs. | Lbs. | Mos.| Lbs. | Lbs. | Lbs.| ¢ q, % | Lbs.| Lbs. | Lbs. 
eee ee a0. 750) —)-13.7| 15.9 14,6) 5.7 | 6.5 1.6.2) .82.| 96) ,90 
Be ere 21075) > | 7-8), 9.9) 9.11'5.0./ 5.9) 5.4) 391 154) 140 
SheGrrliol....\!- 6 | 700| — | 12.3) 13.9 13.1 Bde) O41 G0 G6 eras f 
4} Native, -.| 5 | 750) — |11.8)/13.2/19.6] 5.4 | 5.8| 5.5 | .66] .74] .69 
5| G. Jy., - | 10 | 925) — |14.4/18.9/17.4! 4.5 | 5.9 | 5.4| .65 |1.17| .94 
GG. Ty:; pee 750.) —= | 219124.0/ 202.9) 4.8 6.4 | 6.1 711.0711/50) 1,46 
7| Native, =~} & 1825] — |24.4) 27.0) 26.2) 4.1 | 5.0 | 4,6 {1.05 |1.35.11.20 
$| Gi yy., sale 50 1e—> 140.0) 71-1110.5) 4.41 5:4) 5.1) 4g | +5 7904,0% 
ol Geily.. -| 7 |725| — | 22.0] 24.0) 29.8) 3.7 | 4.8 | 4.4 | 84 |r'r5 | 1.00 
10| G. Jy., Sea 2h) O04) — te 973/.10,0110;0| 5.07) 5/8 WO | 630) 61/254 
Ii} Native, -| 6 | 725| — |16.7/19.1/17.9| 4.7 | 5.9 | 5.5 | .85 |1.12| .98 
¥2)- Go" ly;, = Pei 5O le B10. 2) 18557 17,6) 455 6.5.21 5,0) .79 1.94) oo 
T9h G.- fy. , ae Oe 7 25))5— 119.0) 2913) al:1).4-0:1.5.5 | 6:6.) -98 (1.20116 
Tapes tiol,,. — - ops lore 22 Opal i 4o tan 51S 4,0 | .Ol |. 24 aGo 
Herd avg., | — |750| — | —! — |/17.0 —/|—1|5.8| —| — | .87 

















Pounds of food and nutrients per day per rooo pounds, live 
weight, and per average weight (750 pounds) of herd. 




























































































PER 1000 Lss., Live WEIGHT. VaR ie einer (750 
», | DicrsTisLE NUTRIENTS AND . | DIGESTIBLE NUTRIENTS 
a FuEL VALUE. al AND FugEL VALUE. 
Kinps oF Foon. aA LF a 
mH sigs S Oe 
SEO eth ie ona eo ee 
4g] 8 || 22 /28| 32/25] 2 #| 22 | 32 
a H } vz a 2 6 Bog 
el Geen es: mi te ead aes | O= | “> 
Average per Day, | Lbs.|Lbs.|Lbs| Lbs. | 1: | Cal. | Lbs.|Lbs.|Lbs) Lbs. Cal. 
Grains . - | 12.6] 2.36] .54/ 5.84) 3.0/17500} 9.4|1.77|.40| 4.38,13150 
Hay, Ist quality, - | 6.6) .23/.08! 3.12 — | — | 5.0) .17|.06| 2.34 — 
Hay, 2d quality, - | 6.6] .35].04/ 2.69) — | — | 5.0] .26).03) 2.02) — 
Stover, - - - | 9-5] .16].06/ 3.84, — | — | 7.1] .12|.04| 2.88) — 
Potatoes, - Pye ae 45|\— 7} = 2.0] .02| — 34. — 
Total coarse food, - | 25.4) .77 18 10.10 13.7/21000/ 19.1} .57)/.13) 7.58 15700 
Total food, - |38.0)3.13).72 15.94 5.638500) 28.5) 2.34) .53| 11.96 28850 
Minimum per Day. | | | 
Concentrated food, |11.7/2.18].50| 5.42) 3.0|16250| 8.8/1.64/.37| 4.0612150 
Coarse food, - - |24.8) .72|.17) 9.85| 14.2/20350| 18.6} .54).13) 7.39 15300 
Total food, - | 36.5] 2.90] .67| 15.27) 5.8/36600] 27.4) 2.18] .50) 11.45 27450 
Maximum per Day. | | 
Concentrated food, | 12.3) 2.30).53) 5.70 3.0/17150) 9.2/1.73].39| 4.28 12850 
Coarse food, - - | 28.8) .88).20) 11.55) 14.5|23950) 21.6) .66).15 8.66 17950 
Total food, Ser Ald) Jeb one7S 17:25), 0.0|4 L100} 30. 3),2.30| 54 12.94 30800 











* The grain used was mixed as follows: Wheat bran, 3.7 lbs.; linseed meal, 1.6 lbs.; 
corn meal, 1.6 lbs.; Buffalo gluten feed, 2.5 lbs. Total, 9.4 lbs. per day per average 
weight of herd. ; 
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‘TABLE 3: 
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Datry Test No. 37.—Statistics of herd from December 22, 1895, 
to January 2, 1896. | 
} | me Bx DAILy Dai_y PERCENT- DaILy 
Zz ) ee dear a MILK FLow. AGE OF Fart, YIELD OF Fart. 
i BREED. a olga 
« = s9 Min.| Max.| Avg.| Min.| Max.|} Avg.| Min.| Max.| Avg. 
Be Yrs. | Lbs. | Mos.| Lbs. | Lbs. | Lbs. % % % Lbs.| Lbs. | Lbs. 
1| Native, -| 7 |800| 2 |16.0/18.0/17.0| 4.7/5.0] 4.9] .77]| .89] .88 
2| Native, - | 7.| 750) 14 |11.6/12.5/12.0) 3.87.4.5 | 4.3 | 46 (esau 
Brae), - | Ir | 765 I |26.4) 209.0) 27.2) 3.0 | 329 | 6.4 | 84 |1O3tenee 
4\ G. Jy., -| 11 |850| 3-)12.6}14.5| 14.0} 3.2 | 5.4 9:4.6 143 ees 
5| G. Jy... - | 10 |8a5|° 1 27.5) 23.9119,9) 3.5 | 8.1 [i | O20 teeaeOe 
6) Go jy.,  - | 10.) 725) 3 143.9}17.1/ 15.0] 3.6 | 4.8 1S ee6 ieee 
“iG. Jy., = | Io / 675} -2°144.8)17.71/ 16.1) 3.8 | 5.0 4.40) 5 5a 
8} Native, - | °4 | 700] 2 |20.3) 22.4) 91.2) 3.0 | 4.31 8.7) 65 cues 
g| Native, - |.421750| 8 | 8.4/2.0) 10,9! 4.2 | 5.8 | 6.1 | -43 ) ee ome 
10} Native, - {| 8 | 775]. 4.|16.7|20.0/18,6) 3.6 | 4:8 |.4:4"| .63 taoaes 
11| Native, -| 7 |800/ 4 }19.4|20.7| 20.0! 3.9 | 5.3 | 4.38 | .78 1.06] .86 
Herd avg., | — |775! — | —!|— 117.4) —| — 14.4; —|— | .77 


























Pounds of food and nutrients per day per rooo pounds, live 
weight, and per average weight (775 pounds) of herd. 




















































































































PER 1000 Lss., LivE WEIGHT. | PER Le ae aba (775 
. | DicEsTIBLE NuTRIENTS AND | . | DIGESTIBLE NUTRIENTS 
ali ay FuEL VALUE. Teak: AND FUEL VALUE. 
Kinps oF Foop. BA — aa 
ne x 4 © | Ss ! > 
ral EG || 88 ks] oo 18a) 8 | ee eee 
“3| 2/2/55 |Es| ag [“z| 8 2] gs | ee 
i | Ay Ce LZ me} A & 
Average per Day, | Lbs. | Lbs. | Lbs Lbs, 1 Cal. | Lbs. | Lbs. | Lbs} Lbs. | Cal 
Gluten meal, - = ib pA OPT eT S027 aah, OG eet ee 3.1) .89].21| 1.31; — 
Wheat bran, - - | 2.0} .27|.07; .85) — | — I.5| .21|.05| .66) — 
Wheat middlings, - | 2.8] .37|.09| 1.52) — | — | 2.2] .29].07| 1.18) — 
Total conc. food, - | 8.8) 1.79 .43) 4.06) 2.8|/12700) 6.8]/1.39].33) 3.15| 9850 
Clover lay, 2) 98181774! 09 3.30 — | — | 6.4) .57|.07} 2.55; — 
Corn stover, - ~ |11.9| .40].12) 5.66, = | — | 9:2) -31).0o)s4sqqmeee 
Total coarse food, - | 20.2/1.14 .21 8.96, 8.2/19700 15.6] .88].16) 6.94/15200 
Total food, - |29,0/ 2.98) .64/ 18.02) 4.9 32400 22.4) 2.27/.49 10.09/25050 
Minimum per Day. | 
Concentrated food, | 8.7|1.78|.43| 4.00] 2.8 12600 6.8 1.38] .33] 3.10) 9700 
Coarse food, - - | 19.6) T.09| .20| 8.73) 8.4 19100| 15.2] .84|.15| 6.76 14750 
Total food, - | 28.3] 2.87) .63| 12.73) 1.49/31700 22.0] 2.22].48! 9.86|24450 
Maximum per Day. | | 
Concentrated food, | 8.8)1.80).43] 4.08] 2.8|12750| 6.8/1.39].33| 3.16] 9850 
Coarse food, - - | 21.2) 1.21 .23) 9.42, 8.2)20750 16.4) .94/.18| 7.30|16100 
Total food, - | 30.0] 3.01| .66! 13.50 0|33500) 23.212.33 »51! 10.46/25950 
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TABLE 4. 
Datry Test No. 38.—Statistics of herd from Whee 6 to March 
Tiel OOOn 

ro) af 3 DaILy DaiLty PERCENT- Dairy 

Z Oo |  |'#0 | Mix Frow. AGE OF Fat. | YIELD oF Fart. 
Ne BREED. 0 om a 

o < = 34 r 
x =H | Min.| Max.| Avg.| Min.| Max.| Avg.| Min.| Max.| Avg. 
Yrs. | Lbs. | Mos.} Lbs. | Lbs. | Lbs % % % Lbs. | Lbs. | Lbs. 
i od Cae hae eer es Oneem= | TA.0115.8' 16,1) 6.2 1:6.7 16,45). orl r.orlueun 
a) G. Jy., Sere SenOps = 175i 8.08.3) 63:4 0.2 VO.b | 2401015310 OL 
Bieeriole, = | 6 | 700 | — | 12.0) 13.21 12.7) 5.6 16,5} 6.1 | .68) 84) 377 
4| Native, - 5 1750) — | 12.5| 13.5) 12.9) 6.6 | 6.316.811 .7o) .81) .75 
go. JSy-, - | 10 |925| — | 16.4] 19.3|17,8) 5.2 | 6.3 | 5.8] .93/1.14/1,08 
6) G. Jy., - | 6 | 750| — | 22.1) 24.2) 23,8) 4.7 | 5.9 | 5.2 | 1.04) 1.39) 1.20 
7| Native, -| 8 | 825| — | 25.1/27.5| 26.5] 4.5 | 5.4 | 4.8 | 1.15] 1.47| 1.27 
8) Geely. - | 21750| — | 10.0} 10.8/10,5] 5.2 | 5.8 | 5.4} .52| .60] ,67 
9| G. Jy., =| 7 | 725) — |21.9| 24.5|23.1) 4.1 | 5.0| 4.6] .90/1.e4/1.06 
1o| G. Jy., orieeeOSOve——a ls o.art it) L0,5)'5.3|°0,.2% 0.7 | 52) 26310460 
11| Native, =| 6 | 725) — |17.6| 20.2} 19,4) 5.4 | 6.2 | 5,8 | 1.02) 1.22/1,18 
12} G. Jy., - | 7 |750) — |17.8/18.8) 18.8) 5.0| 5.6} 5.8] .o2!1.03) .97 
ta Ge ly. - | 6 | 725} — | 22.7/ 23.9) 28,8) 4.7} 5.8 | 5.5 | 1.10} 1.39] 1.28 
14, G. Hol., -| 9 | 750) — | 21.0) 23.0 21,9] 4.3 | 5.6 | 4.7 | .o2/1.17/1.04 
Herd avg.,- | — | 750; — | — | — 117.44 —!—15.5|—!— |! .94 





























Pounds of food and nutrients per day pér rooo pounds, live — 
weight, and per average weight (750 pounds) of herd. 








Kinps oF Foop. 


Average per Day. 


Grain,* - = é 
Hay, Ist quality, - 
Hay, 2d quality, - 
Stover, - = $ 
Potatoes, - - 


Total coarse food, - 


Total food, . 
Minimum per Day. 


Concentrated food, 
Coarse food, - - 


Total food, - 


Maximum per Day. 


Concentrated food, 
Coarse food, - - 


Total food, r 





* The grain used was mixed as follows: Wheat bran, 4.1 lbs.; 
corn meal, 1 1b.; Buffalo gluten feed, 2 lbs; cotton seed meal, 2.1 Ibs. 













































































PER 1000 Lzs., Live WEIGHT. | PER sine Whe 2: (750 
4 Diceswere NGatiEaes. AND | . | DIGESTIBLE Nueeee 
om FugEL VALUE. [igang AND FuEL VALUE. 
a 2) 
rae ve 2 2) Se ee a 
Peters sop ee ees a 68 2) ae 
“g\ sje] as (esas (*3) 8 6) 35] as 
fk) Paes fh | Ay > 
Lbs. | Lbs. | Ibs} Lbs. 5h Gal: bse cbs: Ibs} Lbs. |) Gal 
13.6] 3.00].82) 5.45] 2.4 19200 10.2| 2.25 .61] 4.09/14400 
5.4] .19].06] 2.55; — | — | 4.0 .14].04] I.g1} — 
5-4) 9.20): 04) 92.20) =) 4 | 4.0) 1.221.03), 1.65) => 
Scott ahOs 3050) ——sly = 1 O27). 10.04); (2.07), — 
AF O3te= 16 45] eee OO Li. E34 i 
22, 301004151 8.70) 13.8 18150 16.7} .49).E1| 6.57/13550 
35.9] 3.66] .97/ 14.21) 4.5/37350 26.9 2.74) .72) 10.66 27950 
12.7| 2.80/.76) 5.10} 2.4/17900 9.5, 2.10|.57| 3.83/13400 
22.6} .65}.16) 8.87/14.2/18400 17.0 .49).12| 6.65/13800 
35.3] 3-45] .92|13.97| 4.7 36300 26.5/ 2.59) .69| 10.48|27200 
13.9, 3.07] .84] 5.57| 2.4/19600 10.4) 2.30/.63) 4.18/14700 
22.8 .66|.15| 8.98 ‘14.1 18600 17.1] .50).11 6.73}13900 
36.7| 3.73] .99/14.55| 4.5 38200 27.5| 2.80] .74] 10.91|/28600 





per day per average weight of herd. 














linseed meal, 1 1b.; 
Total, 10.2 lbs. 
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The following list of experiments during four successive 
winters will serve as a key to table 5 beyond, in which the 
rations of all the herds studied are briefly summarized: 


Names and post-office addresses of owners of herds studied, dates 
at which they were visited, and reference number of herds. 











on ae NAME AND Post-OFrFicE ADDRESS OF OWNER. 
Experiments of Winter of 1892-9). 
rh = | W.-5.. Crane.) Willimantic, - - - 
ze - | N. D. Potter, South Coventry, - 
3, - | Samuel Stockwell, West sue 
4, = iG. PyeCase: Simsbury, - - - 
5, - | Edward Manchester, West Winsted: - - 
6, - | Isaac Barnes, Collinsville, ~ - - - 
7 - | Elbert Manchester, Bristol, = - 4, os 
8, - | Edward Norton, Farmington, - - - 
9, - | H. W. Sadd, Wapping, - - - - 
10, - | John Thompson, Broad Brook, - - - 
1d, - | E. F. Thompson, Warehouse Point, - - 
42) - | R. E. Holmes, West Winsted, - - - 
ie - | James B. Blivin, Baltic, - - - - 
14; - | George W. Woodbridge, Manchester Green, 
15, - | Harvey 5S. Ellis, Vernon Center, - = 
16, - | Charles P. Grosvenor, Abington, - - 
Lixperiments of Winter of 1893-94. 
18, - | W. S. Crane, Willimantic, = - - 
19, - | Harvey S. Ellis, Vernon Center, 2 2 
20, - | Clifton Peck; Lebanon, = - - ~ 
ae - | Same herd as No. 18, - - - 
22, - | C. H: Lathrop, North Renken - - 
2a! - | Same herd as No. 20, = = = - 
24, - | W.-F. Maine, South ‘Windham, - - 
25, - | Same herd as No. 22, - = - 
26, - | Charles G. Nichols, West Walia geon - 
| Experiments of Winter of 1894-95. 
ae =") ©. B. DaviseYanuc. - - - - i. 
28, 2 | W. F. Maine, South Windham, = = 
29, - | Same herd as No. 27, - . - - 
30, - | Same herd as No. 28, < : = 3 
ST, - | I, W. Trowbridge, Putnam, 4 2 - 
32. - | R. L. Sadd, Wapping, - - - - 
Bo - | Same herd as No. 31, - - - - 
34, - | Same herd as No. 32, - - - - 
Experiments of Winter of 1895-96. 
aes - | Simon Brewster, Jewett City,  - - - 
36, - | H.-Ri Hayden, East Hartford, = - - 
37," ' - | Same as No. 35, : : : - 
38, - Same as No. 36, - - - - - 








DaTE oF TEST. 














Nov. 30—Dec. 2. 
Dec. 5-9. 

Dee. 12-177 
Dec. 9224) 
Dec. 26-31. 
Jan. 2-7. 

Jan. 9-14. 

Jan. 16-25% 

jan: 23=28, 

Jan. 30—-Feb. 4. 
Feb, 6-11. 

Feb. 13-18. 
Feb. 27—Mch. 4. 
Mch. 6-11. 
Mch. 13-18. 
Mch, 20-25. 


Dec. 4-16. 

Dec. 18-30. 
janv2= is 

Jan. 15-27. 

Jan. 29-Feb. Io. 
Feb, 12-24. 
Feb. 26-Mch. 3. 
Mch. 5-17. 
Mch. 19-24. 


Dec. 10-22. 
Dec, 24—Jan. 5. 
Jan. 7—-I9. 

Jan. 21-Feb. 2. 
Feb. 4-16. 

Feb. 18—Mch. 2. 
Mch., 4-16. 
Mch, 18-30. 


Dec. 3-14. 
Feb.‘ 11-22. 
Dec. 22=Jan. 7/2: 
Mch. 6-17. 





* A test was begun on another herd January 7th, but during the second period had 
to be discontinued, and is not reported upon. 





% 
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A STUDY OF RATIONS FED TO MILCH COWS. 


TABLE 5. 
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Summary of total and digestible nutrients Jed per day per rooo 


pounds, live weight, on dairy farms in Connecticut. 


Studies of four successive winters, 1892-93, 





i) 


7893-94, 1894-95, and 1895-96. 








| Reference No. 


CLASSES OF Foon. 





 eeaollss food, 
Coarse food, - 


| | 
| Vere l otal food = = 


| ( Concentrated food, 
_) Coarse food, - 


| f Total food, - 


( Concentrated food, 
B Coarse food, - 

| | 

| ie 2 Total food, - 
| 
_{ Concentrated food, 
4 Coarse food, - 


| L Total food, - 


| ( Concentrated food, 
| Coarse food, - 


|| 
lL. Total food, - 


Concentrated food, 
Coarse food, - 


| 


Total food, - 


( Concentrated food, 
i, food, - 





Total food, - 


( Concentrated food, 
, Coarse food, - 


MeL Total food... 


ie onccmrated food, 





, Coarse food, - 


(Putotal food, = 





Total Food. 


Lbs. 


43.6 





O1.9 | 


Tics 
64.7 














76.1 | 


10.7 
27-9 





38.6. 


10.6 


30.5 
cuit 


See 
46.3 


54.5 


7°5 
26; 


34,1 











14.1 
24.4 


38.5 





Lone 
28:7 


40.9 





Nw 
n+ 





29.6 



































Organic Matter. 


Lbs. 
740 

18.3 

25.5 


10.0 
17.2 





DIGESTIBLE NUTRIENTS AND FUEL VALUE. 





Protein. 





Lbs. 
1.58 
-93 


2.51 





2.05 


74 
2.79 





2.39 
.62 





3.01 | 


1.47 
se ie 


2,62 


2:20 
.96 


3.16 


23 
.80 


2.08 











1.44 
I.00 


2.44 





1.60 
156 


8.16 





1220 
.96 


2.16 











Fat. 











i 








29 


a0) 
eOlt 





.65 





Lt 





09 


50 
43 


98 


58 
was 


.83 








Carbo- 
hydrates. 





Lbs. 


O G 
“SJ Un 
GW & 


18.24 


Own 
Our 
re CO 





15.19 


4.65 
10.13 


14.78 





4.99 
£1.07 


16.66 


2.64 
12.55 


15.19 


3.58 
10.07 


14,55 | 











70 
10.30 


18.00. 





ba 45 
11.60 


16.95 





Nutritive 
Ratio 





| | - 


oD? 
L Ke) 








Fuel 
Value. 





Cal. 
11790 
21660 


83450 


16300 
20700 


37000 


16770 
21180 


37950 


14000 
25800 


39800 


12200 
27200 

















_ 89400 


IIIOO 
23400 





- 34500 


| 19740 


22860 


42600 





15050 
26300 


41350 





10500 


19450 - 








29950 - 
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TABLE 5.—( Continued sy 








CLasseEs OF Foop. 


Reference No. 





| MRO HG ans cre food, 
|} Coarse food, - 
10 


(Total food, - 


pn ee food, 
J Coarse food, - 
i] 


| l Total food, - 


| ( Concentrated food, 


_} Coarse food, - 
eZ 7 


Total food, - 


( Concentrated food, 


} Coarse food, - 
13 | 


Total food, - 


| Coarse food, - 
Dp] > 


L Total food, - 


( Concentrated food, 
| Coarse food, - 


.s 4 
| Total food, - 


( Concentrated food, 


i jeCoarse food; “= 
16 


(eel otal foods = 


( Concentrated food, 


| Coarse food, - 
18] < 


L Total food, - 


Concentrated food, 


Coarse food, - 
19 


Total food, - 


|; Coarse food, - 
20 





) 

| 

l 

[ Concentrated food, 
4 


Total food, - 


( Concentrated food, - 





Total Food. 
































12:5 
24.5 





| 36.6 













































































hen ey 

5 Ay 
Lbs) hs Lbs 
TON el. OG 
DTA 1725 
24.4 | 2.82 
eh wee 
L7; 8 
26.4 | 2.76 
LIZEe (2°26 
T234 .70 
93.4 | 2.99 
O75 Ne 1.63 
10.8 53 
20.5 | 2.20 
SrA No Lee 
17.8 | .95 
26.2 | 2.66 
7.5 270 
16.3 .65 
23.8 | 1.35 
G05) +. OF 
LOsOimhi 0.03 
22.8 1.44 
10.6 | 1.80 
2O;G te 750 
30.6 2.60 
Q.2 | 2.00 
re Wa BY! Mkt | 
24.5 2.70 
10.6 | 1.22 
L760 75 
98.2 1.97 























Fat. 


Lbs. 
AAS; 
.34 


84 


.70 
31 


1.01 


.56 
38 


94 


.64 
.28 


92 


.64 
Ai 


1.05 


-37 | 
Sie 


.06 


.46 
-34 


.80 








55 
45 


“1,00 


68 | 
225 


93 





39 
25 
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. 





Carbo- 
hydrates. 





= 
Se 
Dn 
































Nutritive 
Ratio 





| | 


> 
iN 


4.5 





she 
T3.0 


awe. 





Ook 
12.4 


8.5 





Fuel 
Value. 





Cal. 


IITIOO 
21000 


"32100 


14250 
20200 


34450 


15650 
15100 


80750, 


1*600 
13750 


28750 


12900 
20850 


33750 

















11800 


Igloo 
30900 


IOI0O 
19500 


29600 











I6100 
23600 


39700 





15200 
18100 


33300 





15800 
18600 


34400 
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TABLE 5.—( Continued. ) 
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| Reference No. 


Nd ¥ 
_ 


Ze 


24 


26 


27 


28 


CLAssEs OF Foop, 








( Concentrated food, 
Coarse food, - 


( Total food, - 


( Concentrated food 
| Coarse food, - 


’ 


Total food, - 


Concentrated food, 
Coarse food, - 


Total food, - 


-( Concentrated food, 
Coarse food, - 


A, ao ees 


Total food, - 


Concentrated food, 
Coarse food, - 


Total food, - 


Concentrated food, 
Coarse food, - 


Total food, - 


Concentrated food, 
Coarse food, - 


Total tood...- 


Concentrated food, 
Coarse food, - 


Total food, - 


Concentrated food, 
Coarse food, - 


SS (a (FB a (aN Car 2 a 


| Total food, - 


( Concentrated food, 


‘ | Coarse food, - 


| Total food, - 











Total Food. 





12.5 
29.9 


42.4 





10.0 
16.4 


26.4 


11.0 





225 





34.6 


13.6 
20.4 





34.0 


10.8 
16.8 


27.6 


10.6 
14.3 


24.9 


15,2 
PAL Pe; 














Organic Matter. 





Lbs. 


10.8 
16.4 


| 27.2 


8.6 
14.3 


~ 99.9 


10.3 
16.5 


26.8 


LIn5 
16.8 


28.3 


9.3 
14.7 























94.0 


8.6 
12.0 


20.6 


19.2 
12.9 


26.1 








12.0 
iy Fie. 


30.7. 














29.7 | 25.0 | 2.41 


17.9 
13.8 





31.7 


10.1 
14.9 








DIGESTIBLE NUTRIENTS AND FuEL VALukE. 





Protein. 





Lbs. 
2.19 
71 


2,90 


1.06 
85 


1.91 


1.96 
ay: 


2.68 


1.97 | 
15-4 


3.49 


1.60 | 
88 


2.48 

















1.95 
AE 


2.52, 
1.65 


a0 


2.15 


| 
| 
| 
| 





tdi 
-77 


2.18 





2.97 
eT 


3.48 





1.67 
-74 








* Rations suggested by the Station, see page 74. 







































































& | #2 
C2 
Lbs. Lbs. 
-59 5-15 
.40 8.88 
.99 | 14.038 
.29 5.05 
eG) 7.46 
OO nl) la.o2 
“As 5.38 
“24 8.17 
-66 | 13,55 
+51 6.54 
Rik 8.28 
82 14.82 
.40 5.06 
oui 7.48 
fa.) 1a.0% 
83 4.16 
722 mee 
0b CAT 
58 8.15 
; LO 7.51 
»(6 | 16,66 | 
.49 $512} 
Pao. \eLOLES 
FOLM Ink. a0 
500 Lin 0.20 
Ly 8.08 
86 | 17.28 
21335 5.68 
e2A. 8.43 
FOO eit Le 





Nutritive 
Ratio 





i 
bytes for 
Role) 





ag 
Lae | 


WO VI 
O- 





ie 
re) 





























Fuel 
Value, 





| 16100 


195c0 





35600 


| 12600 
| 16600° 


| 29200 


| 15400 
17550 


82950 


| 18000 








19500 





37500 


14100 
16800 





30900 


| 14900 
| 13700 


28600 





20700 
15650 


36350 





19750 
21100 


40850 





25550 
16700 


42250 





I5150 
18100 


33250 
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TABLE 5.—( Continued. ) 




























































































S os 5 DIGESTIBLE NUTRIENTS AND FUEL VALUE. . 
© 8 E 
.S) ion a ° oO 
S CxiassEs OF Foon. ih 2 5 wig Bs ae 
S g a | 3 |) ¢ | 9 ete oa mee 
; Lbs. | Lbs. |. Lbs. |. Lbs. | Lbs. } enemas 
Concentrated food, - 8.2 7.1 .gO .29 3.93 5.I | 10250 
31|< Coarse food, - - | 55.2 | 16.9 75 73 9.64 | 14.4 | 21550 
Total food, - -| 63.4 24.0 | 1.65'| > .82 | 18.57) “Oise oiooe 
Concentrated food, - | 10.4 Q: 341-2. 10-1 Od 4.18 3.0 | 16400 
32|~ Coarse food, - ai) Longteet SG .58 .28 8.51 | 15.8 | 18100 
Total food, - -| 28.7 | 24.8 | 2.76 | 1.86 | 12.69] 5.7 | 34500 
* : Concentrated food, - | II.0 9-5 | 1.43 55 4.99 4.4 | 14250 
33\< Coarse food, - - | 19.6 | 16.3 1.36 “39 8.14 | 6.6 | 19300 
( Total food, - - | 0.6 | 25.8 270 | .94 |18.18| 5.6 | 83650 
* Concentrated food, - | 10.2 g.0 | 2.05 .82 3.94 2.8 | 14600 
34, + Coarse food, - | - | 20.4 | 15.9 -74 .29 8.95 | 13.0 | 19250 
\(° Total food, - ~ -| 80:6 | 24.9; 2.79 | 1.11 | 12.89) 5.6 ))33860 
_( Concentrated food, - 9.4 Cele 2Gr acts) 5.14 5.9 | 13050 
35|4 Coarse food, -  ~ | 922.8 | 19.0%. .83 | 234 |-6.85 9 eta Gmeeeoes 
Total food, - -| 92.2 | 27.1 | 1.84 | .72 | 14.99} 9.0 | 34850 
| ( Concentrated food, - | 12.6 | 11.1 | 2.36 54 5.84 3.0 | 17500 
36, ) Coarse food, - = 15.2574 “| "58:6 77-1. 18] 10,10 4 bao 
Total food, - -| 88.0 | 29.7 | 8.18] .72 | 15.94) 6,6) 38600 
x ( Concentrated food, - 8.8 Veoh APs 3p) 43 4.06 2.8 12700 
37|< Coarse food, - - | 20.2 | 17.0 | 1.14 ai 8.96 8.24019 700 
Total food, - -| 29.0 | 24.8} 2.98) .64 |18.02| 4.9 | 82400 
* | ( Concentrated food, - | 13.6 | 11.9 | 3.00 .82 5.45 2.4 | 19200 
38 } Coarse food, - - | 22.3-| 16.0 | .66 | .15 | 8,70) 43. 85isaemae 
Total food, - -| 85.9 | 27.9] 8.66) .97 | 14.21) 4.5 | 87850 


Average of the above 
38 Rations. 








Concentrated food, - | 10.8 2321 1-G7, 55 | 4.95 3:5. erase 
Coarse food, - - | 25.9 | 16.4 .82 Ole 8.83 | I1.6 | 19250 
Total food, - -| 86.7 | 25.7 | 2.49] .86 | 18.78) 6.8 | 83900 





Average of 29 of the 
| above Rations.* 














Concentrated food, - | 10.3 S5O eel - 54 255 4.80 3.9 | 14100 
Coarse food, - i 2720" LOL .82 32 8.96 | 11.8 | 19550 
Total food, - -| 87.9 | 25.5 | 2.86] .87 | 18.76] 6.7 | 83650 





* Nine of the above rations (Nos. 21, 23, 25, 29, 30, 33, 34, 37, and 38) were suggested 
by the Station, as explained on page 53. Hence the twenty-nine other rations, the 
average of which is here given, actually represent the feeding practice of these 
dairymen. 
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Table 5 on pages 65 to 68, gives a summary of 38 rations 
used in feeding the dairy herds studied by the Station. Nine 
of these rations were, however, suggested by the Station, and 
therefore only 29 of them actually represent the feeding prac- 
tice of these dairymen. 

The total weights of food fed per 1,000 pounds live weight 
are given in the first column of figures. As explained above, 
all of the foods used in these experiments were carefully 
analyzed and their chemical composition is therefore known. 
The weights of digestible nutrients were obtained by the use 
of factors (digestion coefficients), as explained on page 58. 
The last column but one contains the nutritive ratio, and the 
last column gives the calculated fuel value of the digestible 
nutrients in the rations. 

It is possible to compare different rations by the quantities 
of digestible protein or flesh formers which they contain and 
the fuel value of their digestible nutrients. The extremes of 
these rations are pointed out in the following table, by com- 
paring the maximum and minimum of organic matter, protein, 
fat, carbohydrates, fuel value, and nutritive ratio of all the 
rations in each case: 
































: ; Fuel Value 
Organic | Digestible| Digestible eee of Nutritive 
Matter. Protein. Hatem hydrates Digestible Ratio. 
"| Nutrients. 
Lbs. Lbs. lbs: Lbs. Calories. ng 
Minimum, 27rations,| 20.5 fie es .56 10.47 28600 4.5 
Maximum,27rations,| 33.7 3.48 1.36 18.25 |- 42600 1 ee: 
Average, 27 rations, 95.9 9.36 .87 13.76 33650 6,7 
RATIONS FOR MILCH COWS. 


A proper ration for an animal must supply the materials 
needed for the maintenance of its body and for the production 
demanded from it. ‘ 

The amounts and proportions of these nutrients needed for 
the physiological demands will vary with the animal and with 
the kind and amount of production. For maintenance the body 
needs certain amounts of material, chiefly protein, to build its 
tissues and keep them in repair, and certain amounts of other 
materials, chiefly carbohydrates and fats, to serve as fuel for 
supplying the energy which the body needs for heat and work. 


For growth, the proportion of protein must be liberal. For 
6 
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fattening, there must also be a liberal amount of protein if the 
increase of ‘‘flesh,’’ so-called, is to include any considerable 
amount of lean, though in many cases, and especially with 
some breeds of swine, a large amount of fat can be stored in 
the body from fats and even from carbohydrates in the food. 
For muscular work, the ratio of protein to fuel ingredients may 
vary with the amount and intensity of the work, but it appears 
from the results of the latest and most reliable experimenting 
that for the intenser forms of muscular work considerable pro- 
tein is necessary, although the fats and carbohydrates are the 
chief sources of fuel for the animal machine, and more of them 
is needed in proportion as more of the muscular work is done. 

For the production of milk, the need of a liberal proportion 
of protein in the food is becoming more and more apparent as 
accurate experiments and observations accumulate. Just why so 
much protein is necessary, physiology is not yet able to explain 
clearly and in detail. But it is not easy to see how any 
one can look through the evidence which has accumulated,- 
during the last twenty years, without being impressed by 
the importance which the protein of food plays in milk 
production. In the Reports and Bulletins of this ‘Station 
the need of protein in the feed of milch cows has been con- 
stantly insisted upon. In the previous accounts of the experi- 
ments of the series here discussed this principle has been 
brought out very clearly. In general the best milk production 
has been found where the most protein has been fed, and in 
several instances where the farmers have been feeding rather 
wide rations and afterwards changed to narrower rations by 
increasing the protein, an improvement in the milk production 
was manifest. Naturally there have been some apparent excep- 
tions, as is always to be expected where the periods of obser- 
vation are so short as this. But asa rule liberal rations with 
abundant protein and narrow nutritive ratios and large amounts 
of milk, and milk rich in fat as well as protein, have gone 
together. So true is this that we feel justified in speaking 
even more emphatically than we did at the outset of the value 
of nitrogenous feeding stuffs in the dairy. 

Just what weights of different food constituents are best for 
a given herd or for a given cow on a given farm cannot be told 
with certainty. As we have frequently insisted, it is impos- 
sible to lay down hard and fast rules for feeding. 
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Still it is possible to set up certain feeding standards which 
may be followed with more or less actual advantage to the 
feeder. 

TABLE 6. 
Rations as fed by dairymen, and proposed standards. Digestible 
nutrients, per rooo pounds live weight, daily. 
































1S ra \ yi é > 
RATION 8 2 g a 2 s os 2 z 
; o i Eee ey 
Bail se hn 8 ence cae em 
be. eu Tsbs0y LAs, Lbs. Cal. i 
Rations as fed by Dairymen: "| 
Average of 128 American rations,*| 24.5 2.15 Pag kot 13.27 | 81250 | 6.9 
Average of 29 rations as fed in | 
Connecticut, 1892-96, - rr26. 5.) BiG6°) 8:7 13.76 | 88650 | 6. 7 
Average of g rations suggested | | 
by Storrs Station and fed in | 
Connecticut, 1892-96, - ay ASR | 2.90 | «183 13.86 84700 | 5.4 
Standard rations: | 
Ration as tentatively suggested 
by Storrs Station, z - | 25.0] 2.5 |{.5 to.8)/(13 to12)| 81000 | 5.6 
Wolff’s (German) standard, ~- | 24.0 | 2,5 4 12.5 29600 | 5.4 
Lehmann’s (German) standards | 
for cows with different milk 
yields—Milk per cow per day: | 
5 kilosor1r pounds, - | 25.0:1,6 3 10.0 22850 | 6.7 
7% kilos or 16% pounds,’ - | 27.0 | 9,0 4 IT.O 25850 | 6.0 
10 kilosor22 pounds,’ - | 29.0| 2,5 an 13.0 80950 | 5.7 
12% kilos or 27% pounds, - | 32.0/ 3.8 8 13.0 33700 | 4.5 











The table above gives a number of results of observations 
as to the rations actually fed by dairymen, and with them sev- 
eral feeding standards for milch cows. ‘They are intended to 
show the amounts of nutrients in the food per day and per 
thousand pounds of live weight of the animal. In each case 
the quantities represent the digestible nutrients and the fuel 
value of the daily ration. ; 

The first represents the average of 128 rations compiled by 
the Wisconsin Experiment Station.* The figures for the 
amounts of foods in these rations were obtained in response to 
letters sent to ‘‘ dairy farmers and breeders of dairy stock in 
all parts of the United States and Canada, asking information 
concerning their methods of feeding milch cows.’’ The quan- 
tities of food as given by the individual feeders were based 





* Wisconsin Experimen t Station, Bulletin 38. 
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generally upon their estimates rather than upon actual weigh- 
ings of the amounts fed each day to the cows. The quantities of 
digestible nutrients were calculated from average analyses and 
from assumed figures for digestibility of each class of nutrients. 
The average of these rations indicates the use of less protein 
and more fuel ingredients of food by these intelligent farmers 
and breeders than the commonly quoted feeding standards call 
for. ‘This, however, is not at all unnatural. 

The relative abundance and cheapness of feeding stuffs con- 
taining the fats, and especially carbohydrates, has doubtless 
led to their very extensive use in this country, but the fact 
that intelligent men feed them liberally does not imply, and 
much less does it prove, that we are using them wisely. 

The second average in the table is that of twenty-nine studies 
of the feeding practice of Connecticut dairymen, here reported. 
It will be observed that they are, on the whole, more liberal 
and, especially, that they contain considerably larger propor- 
tions of protein than the average of the larger number of rations 
compiled by the Wisconsin Station. 

The next ration represents the average of nine which were 
suggested by the Station to farmers as the result of observa- 
tions upon their actual feeding practice. In each of these 
cases, a study was first made of the materials fed and the milk 


produced. A change in the ration was then suggested by the 


Station and adopted by the owner of the herd. This change 
consisted partly in using more nitrogenous feeding stuffs and 
partly in replacing the finer and more valuable kinds of hay by 
coarser and cheaper fodder, as explained in detail in the accounts 
of the experiments. In general the new rations with the 
larger amounts of protein and narrower nutritive ratios were 
found decidedly advantageous, as will be explained beyond. 
The next is a feeding standard tentatively suggested by the 
Station. ‘This, it will be observed, contains the same amount of 
protein as is called for in the German standard by Wolff, which 
follows next in the table. ‘The amounts of fuel ingredients 
are, however, a little larger, so that the fuel value is 31,000 
calories as compared with 29,600 in the German standard ration. 
While the German figures probably come nearer to the physio- 
logical demand for the average milch cow, especially if the 
amount of milk is to be at all considered, this more liberal 
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supply of carbohydrates and wider nutritive ratio was suggested 
in view of the important practical fact that carbohydrates and 
fats are relatively cheap and protein dear in Connecticut. 

The next is the standard proposed by the German physiologi- 
cal chemist and experimenter, Wolff. It is one of the standards 
of which a considerable number, for animals of different kinds, 
were proposed by this eminent authority a number of years 
ago and have been quoted very extensively by writers upon 
the subject in Europe and in this country during the past 
twenty years. Like the other standards proposed by Wolff, 
Kuhn, Lehmann, and others in Germany, and by other investi- 
gators and writers elsewhere, it is meant simply as a general 
indication of the amounts and proportions of nutrients fitted 
for the average animal of the kind, and under average condi- 
tions. It was understood and constantly insisted upon by these 
writers that the best proportions in a given case would vary 
with the conditions of that particular case,* and that the proper 
thing for the farmer to do is to study carefully what feeding 
stuffs he has and can buy, how much they will cost, how his 
cows actually respond to different kinds and amounts of fodder, 
and simply make these feeding standards one of the factors of 
his estimate of what will be best for him to feed. 

The remaining German standards in the table are by Dr. 
Lehmann, a German authority on these subjects. They are 
published in the well-known German farmers’ almanac, Wentzel 
und v. Lengerke’s landwirtschaftlicher Kalender, for 1897, and 
indicate the drift of opinion in Germany where these subjects 
are studied more thoroughly than anywhere else in the world. 

It may be said by way of explanation that for many years this 
farmers’ almanac has contained, with other things, Wolff’s tables 
of the composition.and digestibility of feeding stuffs and feed- 
ing standards. ‘These almanacs (or pocket diaries) are in con- 
stant use by tens of thousands of the German farmers and 
feeders, and the statistics which they contain, including those 
for feeding, are intended to represent what will be, practically, 
most useful to the feeder. ‘To this end Prof. Wolff has, for 
more than a quarter of a century past, continually altered them 
in accordance with the teachings of experience and experiment- 
ing. Prof. Wolff has lately died and Dr. Lehmann in continuing 


* See discussion of this subject in the Report of this Station for 1894, pp. 205-216. 
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his work has made some changes in the feeding standards 
to fit them to the later experience of experimenters and feeders. 
In the standard for milch cows, particularly, he has attempted 
to give numerical expression to a fact which has forced itself 
more and more into view, that the ration should be fitted to the 
amount of milk given by the cows. In thus attempting to cal- 
culate rations for different daily milk yields, Dr. Lehmann has 
increased the protein more than the fuel ingredients, that is to 
say, he has made the ration narrower in proportion as the milk 
yield is larger. This is in accordance with the principle above 
referred to, that a cow needs a liberal amount of protein to 
produce a large amount of milk. 

Really, there are two principles which underlie this view of 
the subject. One is that with the improvement of breeds 
during the last twenty-five years or more there has been a great 
increase in the amount of milk produced by cows. The standard 
for milk production of a cow, if we may use the expression, 
has during this time been constantly rising. Supposing the 
need for maintenance of the cow’s body to remain the same, 
the extra material needed for milk production has been, con- 
sequently, increasing, and hence a larger ration ought to be 
assigned for a high-bred milk-producing cow to-day than for 
the cow of twenty-five years ago. The other is that the food 
for the production of milk over and above that for mainte- 
nance needs to be rich in protein. On these two principles 
rests the theory expressed in the large rations with large 
amounts of protein and narrow nutritive ratios for large milk 
production by cows. 

Just as it is useless to lay down hard and fast rules for feeding, 
or exact figures for standard rations, so it is impossible to make 
categorical statements which shall be true in every particular. 
What has just been said, therefore, about liberal rations, and 
about large amounts of protein and narrow nutritive ratios for 
milch cows, is to be taken just as it is meant, namely, as a gen- 
eral statement of a general principle and nothing more. 


THE EXPERIMENTS OF THE WINTER OF 1895-96. 


The cost of the feeding stuffs, the pecuniary results of the 
experiments, the rations fed, and the physiological effects result- 
ing from their use are briefly discussed in the following pages. 
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The figures used for estimating the values of the feeding 
stufis, z. ¢., the market prices per ton and the values of 
manure obtainable from one ton of each of the feeding stuffs 
are stated in the accompanying table: 


Valuation of feeding stuffs as used in rations fed milch cows 
zm winter of 1895-96. 

















Marictre rite _Estimated Value of 

Pennie oro, | ner Ton | the Manure Obtain- 

| F | able from One Ton 

| of Feeding Stuffs. of Feeding Stuffs. 

Wheat bran, - - : - : - * $13.00 | $12.00 
Wheat middlings, No. 1, = - - 14.00 *=10,00 
Cotton seed meal, - : E : 23.00 23.00 
Buffalo gluten feed, - - - - 14.00 12.00 
Chicago gluten meal, - : = - 18.00 | 15.00 
O. P. linseed meal, - - - - 22.00 19.00 
Corn meal, - = ; . : - 14.00 7.00 
Hay, Ist quality, - - - - - 16.00 6.00 
Hay, 2d quality, - - = : - 12,00 6.00 
Oat hay, - -> - - - - 12.00 6.00 
Corn stover, - - - - - - 8.00 5.00 
Cloverhay, - - - - - - 14.00 9.00 
Potatoes, small, - - - - - 10c. per bu. — 








The prices of the feeding stuffs used in calculating the cost 
of rations were those current in November, 1896. ‘They were 
obtained, in the case of the grain feeds, by sending circulars to 
grain dealers in five Connecticut cities asking the current prices 
of grains in ton lots, and averaging the figures thus obtained. 
The coarse fodders are based upon the market value of the 
various materials as estimated by farmers. ‘The manurial value 
is based upon figures given in the Report of the Massachusetts 
Agricultural Experiment Station for 1893, pp. 358-365. The 
nitrogen in the feeding stuff is counted as worth 17% cents, 
the phosphoric acid at 5 cents, and the potash at 5% cents per 
pound for manure, and it is assumed that 85 per cent. of the 
quantities in the food may be saved in the manure. Unfortu- 
nately, most farmers take such poor care of the manure pro- 
duced from the materials fed to their stock, that a much smaller 
percentage is usually saved. 


DAIRY HERD‘H.—TESTS 35 AND 37. 


The dairy herd represented in these tests was studied Decem- 
ber 3-14, 1895. After an interval of nine days, during which 
the Station representative made the change of feed, the same 
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herd was again studied December 22, 1895—-January 2, 1896. 
There were eleven animals in each test, the cows being the 
same in both. Five of the animals were grade Jerseys, and 
the rest were natives. ‘The average estimated weight was 775 
pounds, and the average age nine years. At the date of the 
first test the average time since last calf was four months. ‘The 
rations fed are shown in the table herewith. The main change 
made in the second ration was the substitution of clover hay and 
Chicago gluten meal for the oat hay and corn meal fed in the 
first ration. ‘This narrowed the nutritive ratio from 1:9 to about 
1:5, and,.of course, increased the proportion of protein. 


Dairy Herd H.—Tests 35 and 37.—Calculated per head of 775 
pounds, live weight. 








DIGESTIBLE NUTRIENTS AND 

































































FEEDING STUFFS. Pie kee a a 
: - o 7 @ 
) ¢i¢).\a8] o¢ieeeun ee 
Kind. = 2 SS a8 ae pote 58 Z 
g Pp) Bim alira ney s rs oh ann 
< = va > 
First Test. Lbs. | Lbs. ben Teeter t: | Cts. | Crs 1Cts: 
Dec. 3 to Dec. 14,1595. 12 Days. | 
ee Corn meal, - lear? 
rain, ’ Wheat b Ley 9B 8 A | 
en eat bran, © - -7¢) +79) -29) 3.90} T0050 | 5.9} 0.5) 4.2) 2.3 
‘* ( Wheat middlings, 2.4) | | 
Hays, §Oathay, - atte T ote, | 
EA) corateren Ea .64| ..27| 7.63|.16550 | 12.8) 1O.01n Gon ae 
Motal ioods 2-7) ey 30 25,0 142 .06/ 11.61) 26600 | 9.0)17.3 10.3 7.0 
Second Test. 
Dec. 22,'95, to Jan. 2,'90. 12 Days. | 
; Gluten meal - a aa, 
Grain ; 3 | 
“? « Wheat bran, =| 5 1.5} 1:I230) -33).3-15)_ 9050. 2.eimeay .6| I. 
Bega: Wheat middlings, | 2.2 | , eine 
Hays, § Clover hay, - - | 6.4) | 
bees Camiataver NG -88) .16) 6.94) 15200] 8.2/10.5; 6.7/3.8 
Total food, - - ~ |28.4 |2.27| .49)10.09| 25050) 4.9/17.4 19.8) 5.1 








The total cost of the ration remained practically the same, 
but the net cost was greatly reduced in-the second test, owing 
to the higher value of the manure. ‘The average daily yield 
of milk was increased during the second test seven-tenths of a 
pound and the butter five-hundredths of a pound over that 
obtained in the first test. The total cost of feed to produce 
100 pounds of milk was reduced four cents, and the cost of feed 
for a pound of butter was reduced two cents, in the second test. 
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PetRYaHERR DOL —-THSTS 36 -AND ) 38. 


This herd was studied February 11-22, and again March 
6-17, 1896. There were fourteen animals in each test, the 
cows being the same in both. ‘They consisted of nine grade 
Jerseys, two grade Holsteins, and three natives. ‘The aver- 
age weight of the herd was estimated at 750 pounds, and the 
average age six years. The ration fed in the first test was an 
exceptionally heavy one, and the nutritive ratio was very nearly 
that of the standard suggested by the Station. In order to study 
the effect of large quantities of protein, and a narrower nutritive 
ratio, the quantity of protein was increased from 2.34 pounds 
to 2.74 pounds per day per cow. In the second test the aver- 
age quantity of milk was increased four-tenths of a pound, 
and the quantity of butter seven-hundredths of a pound per 
day. By reference to the tables on pages 61 and 63 it will be 
seen that the fat was increased in the second test from two to 
five-tenths of a per cent. in the case of nearly every cow. 


Dairy Herd I.—Tests 36 and 38.—Calculated per head of 750 
pounds, live weight. 



























































FEEDING STUFFS. ape eae ENT? al a 3 
K a Ag 5 a a 
2 | 4 Domest nes | 8 ee ies 
Kind. S ram oc yg ey = s2le 
BE | PSE Fe [ze] 
First Test. Jebs-ee | Uubss|piebss tbs: Cal. Tema Cts ork tents. 
Feb. 11 to Feb, 22,1896. 12 Days. : 
Wheat bran, SR ee Vio 
Grain, } Linseed meal, - | 1.6( | | | 
étc., 1 Corn meal, Coa eta Geel ie toot 4.38) 13150) 3.0 9-5) 7.7/1.8 
| Buff. gluten meal, 2.5} 
Hay, Ist quality, | 5.0 | 
Hays, |} Hay, 2d quality,- | 5.0 | 
Boca Stover: 3 Ae eae PO Fie iS hier 750) P5700 lL a7 1 30510 0.4 fuk 
l Pétatdes, “ =|, 2:0; } | pike. 
Total food, -  - - |28,6 |2.84) .53 |11.96) 28850 | 5.6) 23.0) 14.1)8.9 
Second Test. | r 
Mar.6to Mar.17,1596. 12 Days.) | 
( Wheat bran, elae4st | 
Grai | Linseed meal, - 1.0 | | | 
rai), 4 Corn meal, - =| 1.0 +|2.25| .61 | 4.09] 14400| 2.4/10.3| 8.7| 1.6 
np | Buff. gluten meal, 2.0 | | | | 
| Cotton seed meal, 2.1 J | 
Bey, Ist quality, | 4.0 | | | 
Hays, )j Hay, 2d quality,- 4.0 3 | deh 
etc., | Stover, F eo 49) IT | 6.57) 13550|13.5)I1.4| 5.4/6. 
Potatoes, 5 aA Sa at | | | Wane eee | oe 
Total food, - - - 26.9 (2.74 .72 10.66 97960 | 4,5) 21.7) 14.1) 7.6 
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The total cost of “each of the rations was large, although the 
second ration was slightly less expensive than the first. Quite 
a number of cows in the herd were well along in the period of 
lactation, and were no doubt being fed too heavily for the 
amount of product they were giving. It is very interesting to 
note that the experiment seems to corroborate results obtained 
at the Massachusetts and Pennsylvania Experiment Stations* 
in showing that heavy protein rations, if any, are the ones that 
tend to increase the percentage of fat in the milk. 


COMPARISON OF TESTS WITH WIDER AND NARROWER RATIONS. 


The experiments of the last three seasons—1 893-94, 1894-95 
and 1895-96—include nine cases in which comparative tests 
were made by feeding two different rations in succession to the 
same herd, in the manner described above, pages 53 and 54. 
In each case the ration actually being fed in the ordinary 
method practiced on the farm was determined by weighing the 
feeding stuffs on the spot as they were fed and taking samples 
for analyses, and at the same time weighing the milk of each 
cow and determining the percentage of butter-fat. As soon as 
the analyses of the feeding stuffs could be made, so as to calcu- 
late the amounts of nutrients, another ration was made up 
which was assumed to be a nearer approach to the accepted 
standards and a second test was made with this ration, the 
fodder and milk being weighed and analyzed as before. In 
eight of the cases the second ration was narrower than the first: 
in one instance the first ration was comparatively narrow, and 
the change was mainly from more to less expensive food mate- 
tials. The length of each test was twelve days. ‘The interval 
between the two tests of each comparative trial was from two to 
four weeks in the seven comparative experiments of 1893-94 
and 1894-95, and nine days in the two of 1895-96. 

The results of the eighteen tests with nine herds are sum- 
marized in the following table. ‘The rations fed each herd in 
the different tests, the cost of the rations, the daily milk and 
butter product, and the cost of food to produce 100 pounds of 
milk and one pound of butter, are given in such a way that the 
results from the two rations can be easily compared. 





* Massachusetts State Station Report, 1894, p. 43; Pennsylvania Experiment Station 
Report, 1895, p. 71. 
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Summary of daily rations fed, and daily milk and butter yield 
from nine herds with a wide as compared 


with a narrower ration. 







































































DAT RATION. PER! Hea eae COSTOR Foop.1o 
ey DaILy PRODUCE 
BP ee - —— 
hes % is wd em ae, 100 tbs. | 1 tb. 
a | tH oe Ao eS ane * 'S 3 Milk. | Butter. 
Bie ees 35 “ 4 8 2 3 ~ ; es | 
ee £4 |Sldg/az/2/2)/o/= | #] 2 [sles 
eo UT RTS Al ee a Me Re em we | Ra |S a ee 
Sen ent ee a Gees eee el a 
Sa eie. hie 2 | 6 [si sis 
bo oe Be 14) (4 
Lbs. Lbs.| Cal. | x: | Cts. | Cts. | Lbs.| Lbs.| @ |Ct} Ct |Ct 
A aot Bos ( |18| 2.15|32750| 7.3| 26.6] 14.3] 18.1] 1.10] 1.47/79] 24 |13 
{ Nar. ration, q [21] 2.39/29400] 5.7) 21.7| 9.8) 18.9] 1.12} 1.15|52| 19 | 9 
B Bescon, 750 } 20| 1.49|25800] 8.5| 18.6) 9.5) 18.1} .QO} 1.00/53) 21 {II 
Nar. ration, j 23| 2.01|/24700| 5.7| 18.3] 9.0|17.9] .92] 1.03/50) 20 |10 
C ieiica l 725 | 22| 1.38/21150| 7.3| 19.4| 12.5) 13.7] .67| 1.41/91] 29 |19 
Nar. ration, j 25| I1.80|/22400]| §.7| 17.8) 9.9/13.6| .71)] 1.30/73] 25 |14 
D ee ion | oa 27| 1.29,21800] 8.0] 14.1| 7.0| 14.0] .79)1I-01|50) 18] 9 
Nar. ration, § } [29] 2.09/25350] 5.5|15.1| 6.9/13.7| .76/ 1.10/50] 20) 9 
E ee dans 4504 28] 1.63|30650] 9.2| 18.4] 10.5] 17.9| I.02| 1.03]59] 18 |Io 
Nar. ration, ( 130] 1.81/24950] 6.4) 15.9] 7.1|18.3|1-07} .87/39) 15| 7 
F pee B00 } 31| 1.32/25450| 9.3|15.1] 6.8}17.8)/ 1.01) .85)38) 15) 7 
Nar. ration, 33| 2.23/26850) 5.5/18.0| 7.0/18.5|1.04| .97/38) 17] 7 
G Ist ration, ) 775 | 32| 2.14/26750| 5.7| 16.7} 7.6|17.7| -98) -94/43| 17] 8 
2d ration, j 34| 2.16|26200] 5.5| 16.2] 5.6/15.4} .90/1.05/36| 18 | 6 
UW Wide ration, } 775 | 35| I.42|26600| 9.0] 17.3] 7.0/16.7| .84/ 1.04/42] 21 | 8 
Nar. ration, ) 37| 2.27/25050] 4.9| 17.4; 5.1|17-4| -90] 1.00]29| 19 | 6 
I Ist ration, | 36| 2.34/28850| 5.6| 23.0] 8.9| 17.0] 1.02] 1.35/52) 23 | 9 
2d ration, 75 38| 2.74/27950] 4.5) 21.7; 7.0/17.4) 1.10) 1.25/44| 20) 7 
Average 9 tests 
with wide ra-+/750 | —|1.68/26650| 7.5) 18.6] 9.4/16.8} .93/ 1.12/56] 21 j10 
tions, - - | 
Average 9g tests 
with narrower + /750_ | -- | 2.17)/25900|5.6/ 18.0, 7.6} 16.8) .g5/ 1.08)46} 19 8 
rations, - = 
Standard sug- | 
Eesiecepyethe -|)—) | — | 2:50/31000) 5.0), = po 
Station, t - | 























* Total cost less value of obtainable manure. 


+ Assuming butter to contain 82.4 per cent. butter-fat and 96.3 per cent. of the fat in 
the whole milk to be saved in the butter. 


t This is nominally for 10co pounds live weight, but, actually, a smaller cow in full 
flow of milk needs more than a large cow giving less milk. It may, therefore, apply 
to cows no larger than some of those in the above tests. 


THE EFFECT OF NARROW RATIONS ON MILK FLOW AND BUTTER 
. WEEE: 


At the time of the second test the cows were, in each case, 
one to four weeks further along in the period of lactation, and 
would, in consequence, naturally have fallen off in milk flow 
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and butter yield. It is impossible to say exactly how much 
this natural shrinkage in milk would have been. In animals as 
near calving as some of these were the shrinkage would have 
been large; while in the case of cows in ‘‘flush,’’ the decrease 
would have been less marked. ‘The shrinkage in butter yield 
would, of course, be less, because the milk grows richer in fat 
as the period of lactation advances. 

From the summary of the past three winters’ wark it will be 
seen that there was an increase in milk flow in five cases (herds 
A, E, F, H, and I, ) when the animals were fed a narrow ration, 
over that obtained with the wider ration, and in two other 
cases (herds B and C) the yields were essentially the same in 
both tests, although in those instances the narrow ration was 
fed four weeks after the wide. Of the eight herds which were 
fed the wide ration, followed by a narrower one, all except one 
(D) gave an increase in butter yield during the second test. 
The fact that there was more often an increase in butter yield 
(calculated from the butter-fat) than in the milk yield, during 
the period when the narrow rations were fed, would indicate 
an increase in the percentage of fat as a result of using the 
narrow rations. In some instances this was noticeably the 
case. In herd C, with no increase in milk flow, there is quite 
a little gain in butter, while in herd I the contrast is still more 
noticeable. No determinations were made of the percentages 
of the other constituents of the milk. | 

Although a shrinkage in production would naturally follow 
from advancement in period of lactation, the herds as a whole 
more than held their own when changed to the narrower ration 
from one to four weeks after the first test. The results are in 
accord with observation and experiment elsewhere in that so 
far as physiological effects are concerned narrow (nitrogenous) 
rations give larger yields of both milk and butter than do wide 
(carbonaceous) rations. 


COSTS OF THE DIFFERENT RATIONS. 


Omitting herd G and considering only the eight herds which 
_ were fed a narrower ration following a wider one, there are six 
cases where the total cost of producing 100 pounds of milk is 
less with the narrower ration, and six cases where the cost of 
one pound of butter is less. One or more nitrogenous grain 
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feeds, like cotton seed, gluten or linseed meals, were usually 
substituted in the second test for a part of the corn and wheat 
feeds used in the first test. The total cost of the rations and 
the net cost, after deducting the estimated manurial value, 
is shown in the summary table. In getting the net cost, 
the manurial value is estimated by assuming that 85 per cent. 
of the nitrogen, phosphoric acid and potash of the feeding 
stuffs are obtainable in the manure, and that they have the 
same value as in ordinary commercial fertilizers. The follow- 
ing tables give the costs of food to produce 100 pounds of milk 
and one pound of butter. 


Cost of food to produce roo pounds of milk. 
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ToTaL Cost oF Net Cost or 
FEED. FEED.* 
HERD. YEAR, 
Wide Narrower Wide Narrower 
Ration. Ration. Ration. Ration. 

Dollars. | Dollars. | Dollars. Pee 
AS 2 E 1893-4 147 15 -79 Aw: 
B, . - 1893-4 1.00 1.03 53 .50 
ot . 4 1893-4 1.41 1.30 .gI -73 
D, - - 1894-5 1.01 TLO .50 .50 
E, a - 1894-5 1.03 .87 59 -39 
F, - = 1894-5 85 97 .38 .38 
G, ate 1894-5 | 1.05 -94 -43 .36 
a - - 1895-6 1.04 1.00 tA2 .29 
i = = 1895-6 1.35: 525 752 -44 
Average, - — 1.13 1.07 56 46 











* Total cost less that of obtainable manure. 


Cost of food to produce one pound of butter. 


























ToTaL Cost oF Net Cost oF 
FEED. FEED.* 
HERD. YEAR. - 

Wide Narrower| Wide | Narrower 

Ration. Ration. Ration. | Ration. 

Dollars. | Dollars. | Dollars. | Dollars. 
A, - - 1893-4 24 .19 13 | .09 
5, - - 1893-4 Ae) .20 me th if ea 9 9. 
ce - - 1893-4 .29 £25 EL Op ee kd 
13 - - 1894-5 epee, 520 0g | -09 
ie ‘ - 1894-5 .18 15 .10 [07 
F, - - 1894-5 at5 a7 .O7 .O7 
G - - 1894-5 .18 .18 .08 .06 
cp eee 1895-6 | .21 19 08 | ..06 
he oe - - 1895-6 723 .20 .09 wiley, 
Average, - - = 21 Ld 10 .08 











* Total cost less that of obtainable manure. 
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SUMMARY.—THE EXPERIMENTS AND RESULTS. 


Ln the winter of 1892-93, the Station began making systematic 
observations of the winter feeding practices of Connecticut dairy- 
men. The chief points upon which information was obtained 
were: Number of animals in the herd; breed, age, and approxt- 
mate weight of each cow, length of time since dropping last calf 
and till due to calve again, kinds, weights, and chemical compost- 
tion of feeding stuffs used; weights of milk flow, percentages and 
amounts of butter-fat in the milk. 

The feeding stuffs used on these farms included quite a long 
list, but those that tend to make a wide ration were employed in 
much greater proportions than were those which tend to make 
rations narrow. The following ts a nearly complete list. The 
nutritive ratios are calculated from the analyses made in the 
experiments taken, together with other analyses of like materials, 
as used in New England. The more nitrogenous materials are, 
of course, those richest in protein or ‘‘ flesh formers,’ while the 
more carbonaceous are those poorer in protein and having larger 
proportions of the fuel ingredients, t. e., fats, and especially the 
carbohydrates. The former, with smaller nutritive ratios (ratio 
of protein to fuel ingredients), tend to make narrow rations, while 
the latter make wide rations. 


CLASSIFICATION OF FEEDING STUFFS USED IN THESE TESTS. 








| 
NITROGENOUS FEEDING | Nurritive | CARBONACEOUS FEEDING NuTRITIVE 
SturFs—RIcuH In Protein. | Ratio. | Srurrs—Poor 1n PROTEIN. Ratio. 

















Cotton seed meal, - - pia] | Corn fodder or ensilage, 8.5 
Linseed meal, - - 1.8 _ Corn meal, - - ae 9.8 
Cream gluten, - - pt | Corn and cob meal, - | 9.9 
Gluten meal, - - - 2.4 | Roots (turnips, etc. ay - | 9.5 
Malt sprouts, - - 2.5 | Potatoes, - - = | rsa 
Pea meal, - ~ = 3.2 | Hay, mixed STASseS, =e 10.9 
Gluten feed, - - - ‘4.0 _ Red-top hay, - =a 10.8 
Wheat bran, - - : 4.0 _ Timothy hay, - | Taso 
Wheat middlings, - : 4.2 | Timothy and red- top hay, eteog? ay 
Clover hay, - 4 : 5.1 | Oat hay, a ) 11:0 
Rowen hay, - . = 5.3 | Corn stover, - - mat Lay py! 


| | 





Ln 1892-93 sixteen herds were visited and a jive-days’ test was 
made with each. Ln 1893-94 six herds were visited, and tn four 
instances the time of study of the feeding, management, and 
products of each herd was extended to twelve days. As soon as 
the analyses could be made, the amounts of actual nutrients in the 
rations fed were calculated, and in three cases other rations were 
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suggested. The feed was gradually changed to the suggested 
ration with these three herds, and after four weeks fron the close 
of the first test another twelve-days’ test was made with the new 
ration. 

[n 1894-95 four herds were studied on the same plan as in 
the longer studies made the previous winter, except that the 
length of time between the two tests, on the same herd, was 
shortened to two weeks. 

L[n 1895-96 two herds were studied on the same plan as those of 
the previous winter, except that the time between tests was reduced 
to nine days. In one of these cases the herd was fed a very large 
ration of protein with an unusually narrow nutritive ratio, 


RATION FOR A MILCH COW. , 

A proper ration for a milch cow would furnish the nutrients 
needed to form the materials of the body and the milk, and the 
energy required to do the necessary muscular work and keep the 
body warm. Just what weights of digestible protein, fats, and 
carbohydrates will, as a general average, meet these needs ts a 
matter of uncertainty. The following rations have been suggested 
as guides in the practical feeding of mitch cows of a live weight of 
tooo pounds. Tt ts to be remembered, however, that a small cow 
giving a good amount of milk may need more than a much larger 
cow producing less. It is worth noting that tn Germany the 
heavier breeds of cows are more commonly and the lighter breeds— 
like the Jerseys—tless commonly used for dairy purposes than with 
us. Such light-weight cows may, however, demand as much food 
and as much protein for large milk production as larger cows. 








GERMAN STANDARDS. 














2 LEHMANN’S FOR A Cow GIVING = spp 
aio tentatively 
n 2 "oo > > > a suggested 
aye a's As as 4s i) eh 
in SF £9 jae ee a2 s Saige 
Su. Baer ee aint f eer | Station: 
ao = ie = nt Ee 
Lbs. Lbs. Lbs, Lbs. Lbs. Lbs. 
Organic matter, -  - 25.0 25.0 27.0 | 29.0 32.0 25.0 
Digestible protein, - 2.5 1.6 2.0 | 2.5 ge 2.5 
Digestible fats, -  - 4 Be ra18% A) 8 .5 to .8 
Digestible carbo- ) 
hydrates, - - - 12.5 10.0 II.O $2.08 ic. 13. 0:08 PF loers 
Gal. Cal. Cate esta) ys tal Cal. 
; } 
Fuel value, - - - 29600 22850 25850 | 30950 | 33700 | 31000 
Nutritive ratio, - - 1:5.4 1:6.7 -| 1:6.0 | 125.7 | 1:4.5 1:5.6 
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The ration suggested by the Station ts founded upon the 
standard of Wolff, with allowance for the abundance and 
cheapness of foods of high fuel value, t. ¢., those rich in carbo- 
hydrates and fats, in the United States. The experience of the 
last two years would, however, indicate that, in general, tt ts 
more profitable to feed a cow in ‘‘the flush’’ rather more protein 
than the suggested ration calls for. The very decided trend of 
these experiments ts toward nitrogenous feeding for large milk 
production. The German standards of Lehmann, which are 
later than those of Wolff, give expression to the same tendency tn 
the results of late experience and experiment in Germany. 


GENERAL CONCLUSIONS. 

The cost of producing milk and butter depends largely upon the 
kind of cows and their condition as regards time from calving. 
Many of the individual cows tn these tests were not returning the 
cost of feed. One of the first things our datrymen need to do ts to 
make a closer study of the individual animals of thetr herds and 
to reject the unprofitable ones. The relative productiveness of 
cows can be easily learned by the use of the Babcock test, together 
wrth the daily weighing of the milk. In these tests the cost of the 
vation depended largely upon the proportion of the cheaper coarse 
fodders like corn silage, corn stover, clover hay, oat hay, and sec- 
ond quality ordinary hay, which went to make up the total coarse 
Jodders of the ration. The better grades of hay, such as timothy 
and red-top, were among the most expensive feeding stuffs used. 
When good hay sells Jor from fifteen to eighteen dollars per ton tt 
2s generally more profitable to sell than to feed to dairy cows. 

A liberal proportion of the nitrogenous grain feeds tended to 
lessen the total cost of the ration in the majority of the cases, while 
the net cost was greatly lessened by their use. The nitrogenous 
(protein) feeding stuffs like clovers, cotton seed, linseed and gluten 
meals, should be more extensively used as dairy feeds. These 
feeds have been shown to exert a greater influence on the quantity. 
and quality of animal products than corn and even wheat feeds, 
and when the manure ts carefully saved they are of great value 
Jor keeping up the fertility of the farm. 








coal 


INVESTIGATIONS ON METABOLISM. 85 


INVESTIGATIONS ON METABOLISM IN THE 
HUMAN ORGANISM. 





PRELIMINARY ACCOUNT OF EXPERIMENTS ON THE INCOME AND 
OUTGO OF THE BODY AND THE EFFECTS OF 
DIFFERENT DIETS. 





Be Wet WAH, C.D. WOODS :.AND F, G. BENEDICT: 





In the year 1892 the first steps were taken at Wesleyan 
University toward the development of an apparatus for meas- 
uring the income and outgo of the animal body. It was 
proposed to study, among other things, the application of the 
law of the conservation of energy in the animal organism and 
plans were made for experiments with men. The investigation 
was undertaken jointly by Professors Atwater and Rosa, and 
was conducted under the patronage of the University and in 
connection with the Storrs Experiment Station. In the report 
of the Station for 1893 the purpose of the inquiry was stated 
in the following language: 


‘* Research upon nutrition has brought us to the point where the study of the 
application of the laws of the conservation of matter and of energy in the living 
organism are essential. That is to say, we must be able to determine the 
balance of income and outgo of the body, and this balance must be expressed 
both in terms of matter and of energy. For this purpose a respiration calori- 
meter is being devised. This is an apparatus in which an animal or a man may 
be placed for a number of hours or days and the amounts and composition of 
the food and drink and inhaled air; the amounts and composition of the 
excreta, solid, liquid and gaseous; the potential energy of the materials taken 
into the body and given off from it; the quantity of heat radiated from the 
body; and the mechanical equivalent of the muscular work done, are all to be 
measured. The experimenting is complicated, costly and time-consuming. The 
results already obtained are, however, very encouraging in their promise of 


future success.” 

Fortunately for the success of the enterprise the interest 
of the trustees and officers of Wesleyan University, especially 
in the purely scientific phases of the inquiry, was such that 
laboratory rooms and appliances were made available, as 

7 
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were also the services of the University mechanician, Mr. 
O. S. Blakeslee, and the use of the mechanical laboratory, 
which is especially fitted for the construction of scientific 
apparatus. With these facilities and a portion of the funds 
of the Experiment Station the work progressed so far that 
the success of the enterprise seemed reasonably assured. 
The need of much larger sums for the experimental work, 
however, became more and more pressing. Here again the 
research met with good fortune. In the year 1894 a pro- 
vision was made by act of Congress for an inquiry into the 
food and nutrition of the people of the United States. The 
responsibility for the inquiry is vested in the Secretary of 
Agriculture, by whom it was assigned to the Office of Experi- 
ment Stations of the Department of Agriculture, and the 
immediate charge was placed in the hands of the Director of 
the Storrs Experiment Station as Special Agent of the Depart- 
ment. It was considered that a research not only germane, 
but fundamental to such an inquiry, might be appropriately 

aided from this fund, though the amount which could be 
utilized for the purpose was small. In 1895 the Legislature of 
Connecticut provided a special annual appropriation to be ex- 
pended by the Storrs Experiment Station for food inquiries. 
The resources of the Station for this purpose were thus 
increased, and with the supplement from the General Govern- 
ment and the private aid referred to, it has been possible to 
greatly enlarge the scope of the inquiry and to prosecute the 
work in a manner which would otherwise have been entirely 
out of the question. Indeed this may be regarded as one of 
that class of cases in which the higher scientific research has 
been favored by a happy combination of private and public 
support in such a way as not only to insure the greatest 
economy in the use of money and other resources, but also to 
promise a valuable outcome. 

The inquiry has thus assumed such form that it naturally 
divides itself in two parts. These have to do respectively with 
the metabolism of matter, and the metabolism and conservation 
of energy. 

The purpose of the present article is to give a brief prelimi- 
nary account of so much of the work thus far done as bears 
directly upon the metabolism of matter. The results obtained 
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regarding the balance of income and outgo of energy are to 
be held until some changes, which experience has indicated 
to be desirable in the apparatus and methods, can be made, 
and the results already obtained can be verified and new ones 
added. 

In the devising and elaborating of the apparatus, as well as 
in the actual carrying out of the experimental work, Prof. 
H. B. Rosa of Wesleyan University has had an active share. 
Upon him has devolved especially the devising and care of that 
part of the apparatus and inquiry which has to do with its 
physical side, including the measurement of the heat radiated 
from the body. ‘The chemical side of the inquiry, and with it 
the determinations of the potential energy of the products of 
income and outgo have been superintended by Prof. Atwater. 

Besides the names of the authors of the present report those 
of the collaborators should be mentioned. Mr. A. W. Smith 
had much to do with the development of the apparatus, es- 
pecially the physical side, and with the carrying out of the 
experiments. He was himself the subject of the last of the four 
experiments here described. Dr. O. F. Tower has done a large 
amount of the chemical work and has been otherwise asso- 
ciated with the experiments. He was the subject of the third 
experiment of the four recounted here. Mr. A. P. Bryant 
rendered valuable assistance in the chemical part of the inquiry. 
Mr. H. M. Burr had the charge of the preparation of the food 
for the experiments and has had a large share in the work of 
analysis. 

It is now expected that the part of the work which bears 
more directly upon the conservation of energy will be pub- 
lished hereafter under the joint authorship of Professors 
Atwater and Rosa. 

The following is an abbreviated description of the apparatus 
and methods used and of the results of four experiments upon 
the income and outgo of carbon and nitrogen. In each of the 
experiments the subject remained for several days inside the 
respiration chamber, the periods being from two and one- 
fourth to twelve days. 

A more detailed report of the experiments here described 
has been made to the Department of Agriculture for publica- 
tion in a Bulletin of the Office of Experiment Stations. The 
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present account is taken from that report by arrangement with 
the Department. Since the Bulletins of the Department are 
distributed among institutions and to persons interested in the 
details of such inquiries it will suffice here to give a condensed 
statement of the more important facts. . 


APPARATUS. 


The apparatus consists essentially of a respiration chamber 
in which the subject stays during the experiment, and, with 
this, appliances for maintaining a current of air through the 
respiration chamber and for measuring and analyzing this ven- 
tilating current of air. ‘There are also appliances for measuring 
the heat given off from the body. 

The general arrangement will be made clear by the outline 
sketch on the opposite page. ‘This shows the relations of the 
several parts, although numerous details of apparatus and 
machinery are omitted, and the parts are not drawn to scale 
nor are they shown in exactly the relative positions in which 
they were actually placed. 

So far as concerns the experiments herewith reported, which 
are of the nature of the common respiration experiments, the 
apparatus may be considered as a modification of the well 
known Pettenkofer apparatus. The general principle is the 
same. ‘The arrangements for maintaining the current of air 
and for measuring its volume and analyzing portions are, how- 
ever, quite different from those which have been commonly 
used with the Pettenkofer apparatus. 


REHSPIRATION CHAMBER. 


This is a room or box in which a man may live comfortably 
during the period of an experiment. ‘The inside dimensions 
are: length, 2.15 m. (7 ft.), width, 1.22 mo (4 dt) 
1.92 m. (6 ft. 4 in.). It is provided with conveniences for 

sitting, sleeping, eating, and working, as well as arrangements 
for ventilation and for the study of the respiratory products. 
The chamber consists, in fact, of three concentric boxes, the 
inner one of metal and the two outer ones of wood. ‘he 
inside volume is approximately 4.7 cubic meters. An opening 
in the front end of the metal chamber, 70 cm. high and 49 cm. 
wide (27% x 19% in.), serves both the purpose of a window 
and that of a door for entrance and exit. : 
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Numerous passages through the wooden and metal walls are 
needed for tubes to convey the ventilating current of air; wires 
for various electric connections; and the aperture (“‘food 
tube’’) for passing the food and drink into the apparatus and 
taking out the solid and liquid excretory products. ‘The tubes | 
through which the currents of air (‘‘ ventilating tubes’’ ) pass 
have an internal diameter of 4 cm. (1% in.). The food aper- 
ture is of copper and has an internal diameter of 15 cm. (61n.). 
It is situated on the left side of the apparatus (see diagram ) 
and is provided with a cap at each end. ‘The outer cap is 
attached by a screw so that it may be closed air tight. 
putting in the food and other materials the cap is taken off, 
the receptacle containing the food is placed in the tube and the 
cap put on again. A signal is then given to the man inside 
who removes the inner cap and takes out the receptacle. The 
materials from within are passed out in corresponding manner, 
In this way there is no danger of ingress or egress of any con- 
siderable quantity of air. | 

A wet and dry bulb hygrometer, capable of being read to 
hundredths of a degree centigrade is hung in the rear of the 
chamber and observations are made by the occupant, generally 
at intervals of two hours, during the period of the experiment. 
These observations are reported by the telephone and show the © 
hygrometic condition of the air inside the apparatus. 

The furniture used in the experiments here reported con- 
sisted of a light, folding canvas cot bed; a folding chair; and a 
folding table. Such clothing and bedding as were needed for 
comfort were taken in by the man at the beginning of the ex- 
periment and small articles were passed in and out through the 
food tube at convenient times. ‘The floor was protected by 
carpeting. The amounts of water held by the furniture and 
clothing, etc., were determined as accurately as practicable by 
weighings at the beginning and end of each experiment. 


APPARATUS FOR MEASURING AIR AND TAKING SAMPLES FOR 
ANALYSIS. 


The essential features of a respiration experiment are the 
maintenance of a proper current of air, the accurate measure- 
ment of its volume and the determination of the respiratory 
products. ‘The air was drawn through the apparatus by means 
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of specially devised air pumps, its total current was measured 
by a gas meter especially constructed for the purpose, the sam- 
ples of incoming and outgoing air were drawn by aspirators, the 
carbon dioxide in the sample was determined by absorption by 
soda lime, and the water by absorption by sulphuric acid. ‘The 
volume of air passing through the apparatus varied from 50 
to 75 liters per minute. The longest experiment was of 12 days 
duration, and was made with an air current of approximately 
55 liters per minute. It is desirable to have the incoming cur- 
rent of air as dry as possible. ‘This drying was easily accom- 
plished by surrounding a portion of the pipe through which it 
passed with a freezing mixture of salt and ice. 

The samples of air for analysis were drawn by means of 
aspirators, two of which had previously served for the calibra- 
tion of the meter. ‘These aspirators, three in number, are 
cylinders of galvanized iron, standing upright, with conical 
ends. The cylinders are 56 cm. (22 in.) in diameter and 46 cm. 
(18 in.) in height, exclusive of cones which form the ends. 
To fill the aspirators the water is introduced near the top while 
the air passes out from the upper neck. In drawing the sam- 
ples of air the water passes out from the lower while the air to 
be measured enters the upper neck. Horizontal tubes connect 
the two necks with an upright glass tube on the side of the 
aspirator. ‘This serves as a gauge and shows the height of the 
water. It is accurately marked at the top and bottom and 
thus permits the drawing off of a definite quantity of water 
and consequently the accurate measurement of the volume. 
In taking a sample the aspirator is first filled to the mark indi- 
cated on the water gauge outside, the connection is then made 
by a 3-way cock with the tube through which the sample of 
air is drawn from the main current. 


APPARATUS FOR DETERMINING THE CARBON DIOXIDE AND 
WADEHR IN SAMPLHS OF AIK. 


The constituents of the air determined in the experiments 
described beyond were carbon dioxide and aqueous vapor. 
The determinations are made by absorbents, soda lime for 
the former and sulphuric acid for the latter. These re- 
agents are contained in ordinary glass U tubes. The device 
above referred to for removing the moisture from the main 
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air current by cooling to about —17° centigrade leaves a small 
and reasonably uniform amount of moisture and thus greatly 
facilitates the determination of the latter in the samples 
analyzed. Four U tubes are used for the absorbing, two for 
the carbon dioxide and two for the water of each sample. 
These tubes are connected in series and conveniently supported 
in a nearly horizontal position while the air is passing through. 
For weighing they are separated and hung by loops of plati- 
num or aluminum wire in the balance. 


freezing Apparatus.—In our experience during the several 
years in which the apparatus and experimental methods here 
used have been in process of elaboration it has been found 
very desirable to have the air enter the respiration chamber as 
dry as possible. It was with this fact in view that the plan 
was first adopted for freezing the air as it came from outside 
before it entered the chamber. The freezer used for this pur- 
pose consisted practically of two large U tubes of copper. 
These are connected with each other and with the pipe through 
which flows the current of incoming air. They stand upright 
in a wooden box which is kept filled with a freezing mixture 
of salt and ice. In this way the current of air has to pass 
through nearly 12 ft. of copper tubing which is covered by the 
freezing mixture. This method of removing the excess of 
moisture from the air before it enters the chamber proved so 
satisfactory as to lead to its adoption in quantitative determi- 
nations of the moisture in the outgoing air. For this purpose, 
however, a somewhat more complicated freezer is necessitated 
by the fact that the water which it collects must be accurately 
weighed. 

The use of ice and salt for freezing proved unsatisfactory 
because of the trouble of frequent renewal, the expense for 
material and labor, which was not inconsiderable, the difficulty 
of getting a satisfactory low temperature and especially the 
impossibility of maintaining a constant temperature. For the 
later experiments we have adopted the plan of immersing the 
freezers in a brine cooled by the expansion of ammonia gas. 
For a cooling apparatus we have found the so-called ‘‘ Eco- 
nomical Ice Machine’’ made by the Atlantic Refrigerating 
Company, of Springfield, Mass., simple, easily operated, and 
entirely efficient for the purpose. 
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METHODS OF ANALYSIS. 

The methods used for the analysis of the food and feces 
were in general those adopted by the Association of Official 
Agricultural Chemists. Certain deviations were introduced 
where necessary. ‘The methods used for the analyses of urine 
were such as are commonly followed. The methods employed 
in the determinations of water and carbon dioxide in the 
incoming and outgoing air involved some special deviations 
from those ordinarily in use. 


PREPARATION OF SAMPLES. 


Meats, vegetables, and other materials containing consider- 
able water require to be chopped or otherwise comminuted 
and partially dried before grinding. For comminuting meats 
we use an ordinary sausage grinder. The ‘‘ Excelsior Meat 
Grinder’’ has proved very satisfactory for this purpose. 
Potatoes, when fresh, are cut in thin slices with a knife. 
When cooked they are simply mashed. Bread is easily 
sliced, broken, and pulverized sufficiently for the purpose. 
The samples when too moist for grinding were partially 
dried; the material in the original or partially dried form was 
sampled and ground, first in an ordinary ‘‘ Excelsior Mill,”’ 
afterwards in a Maercker-Dreefs Mill, by which it is easily 
reduced to an impalpable powder. 


CARBON DIOXIDE AND WATER IN AIR. 


In experiments of the class to which these belong the respir- 
atory products commonly determined are carbon dioxide, water 
and volatile organic compounds. 

The determination of carbon dioxide is most essential and is 
of course always attempted. The experience of a number of 
experimenters during the past twenty-five years implies that 
the difficulties in the way of fairly accurate results are not 
insuperable. ‘he carbon dioxide given off in respiration is 
quickly diffused through the air and readily conveyed away by 
the ventilation current so that the accurate measurement of 
that current and determination of the percentage of carbon 
dioxide suffices for the ordinary purposes of experiment. Ii, 
therefore, the accurate measuring and sampling of the air are 
provided for, a correct method for determining the carbon 
dioxide in the sample is all that is needed in addition. 


94 STORRS AGRICULTURAL EXPERIMENT STATION. 


The accurate determination of water has been found less 
easy. ‘The difficulty appears to rest not so much in the deter- 
mination of moisture in the current of air asin the getting of 
all the moisture into the current. ‘The water to be determined 
is the whole given off from the body of the subject in the res- 
piration chamber, less the amount removed in feces and urine. 
Practically this means the water exhaled through the lungs 
and skin. For our present purpose it may be designated as 
water of exhalation, and taken as including the water of res- 
piration from the lungs and that of perspiration from the skin. 


While the efforts to obtain all the exhalation water in the 
_ current of air coming out of the respiration chamber were 
. not entirely successful, not a little labor was devoted to the 
study of ways to determine accurately the amounts of both 
carbon dioxide and water in the currents. "The success here 
was on the whole decidedly gratifying. Various reagents for 
absorption and methods of manipulation were tried. We 
finally settled upon the plan of cooling both the incoming 
and outgoing currents of air to remove the larger part of the 
water and passing sainples over sulphuric acid to determine 
the rest. For determining the carbon dioxide we have had 
better success with soda lime as an absorbent than with either 
potassium hydroxide, solid or in solution, or barium hydrox- 
ide solution by the well known Pettenkofer method. 


Determination of water.—As explained above the most of 
the water of both the incoming and outgoing currents of air 
was removed in passing through the freezers, of which there 
was one series of two freezers for each current. ‘The water 
condensed from the incoming current was not weighed, that 
condensed from the outgoing current was weighed. The 
amount remaining in the air after it had left the freezers was 
determined by passing a sample over sulphuric acid in U tubes. 


Absorption of carbon dioxide.—As above stated, soda lime has 
proven the most satisfactory reagent, but it must, however, 
have the proper proportions of soda lime and water to fit it for 
the purpose. ‘The presence of a certain amount of moisture in 
the soda lime is essential to the complete absorption of the CO,. 

The tests of the accuracy of the methods thus described for 
determining the H,O and CO, in the air from the respiration 
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chamber were sufficient to convince us of their reliability. 


‘Plans are made, however, for more extended tests of this kind, 


after the introduction of changes in the apparatus which are 
intended to secure more accurate measurement and sampling 
of the air than we were able to secure with a gas meter and 
aspirators. 


PLAN AND METHOD OF EXPERIMENTS, 


In the account of experiments here given the balance of 
energy is omitted for the reason already explained, and only the 
income and outgo of matter are considered. The difficulties in 
the determination of the total water of exhalation, were not 
entirely surmounted when the experiments were made. Hence 
the amount of water in the outgo and with it the hydrogen 
balance are omitted. As the main purpose of the experiments 
was to gather experience in the manipulation of the apparatus 
and the treatment of men in the respiration chamber the de- 
termination of other elements was not attempted. Accordingly 
the factors actually determined and here reported are: 

Income:—Food, drink and their content of nitrogen, carbon, 

protein (N. x 6.25), fats (ether extract), carbo- 
hydrates (by difference), mineral matter (ash). 

Outgo:—Respiratory products; carbon dioxide and its con- 

tent of carbon. 

Feces: nitrogen, carbon, protein (N. x 6.25), fats 
(ether extract), carbohydrates (by difference), 
mineral matters (ash). 

Urine: nitrogen, carbon. 

Such experiments as these, which include measurement of 
the income of the food and drink and of the outgo of the ex- 
cretory products, including those of respiration, are commonly 
called respiration experiments. They necessitated, however, 
in each case a digestion experiment, that is to say, a compar- 
ison of the food consumed and the undigested residue which 
gives the amounts actually digested. 


DIET, MEALS.—DAILY RATIONS. 


In these experiments the effort was made to have the condi- 
tions as nearly normal as possible. T’o this end it was essential 
Piet 

1. ‘The diet be such as to agree with the subject. 
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2. The quantities of nutrients be such as to meet the actual 
needs of the body under the conditions in which the subject 
was placed during the experiment. | 

Meals were eaten three times daily at regular hours, thus 
conforming as far as possible to ordinary custom. Drinking 
water was allowed at all times, the weight used, however, 
being carefully noted. ‘The freedom allowed in the selection 
of diet materially added, we believe, to the success of the ex- 
periment, although the number of different materials, including 
delicacies, made the analyses quite laborious. 

The entire charge of weighing and cooking the food and 
taking of samples for analyses was placed in the hands of one 
individual. Indeed, throughout the whole of our experiment- 
ing the effort has been to have the observers carefully trained 
and unfettered by a multiplicity of duties, and the work shaped 
in systematic routine, in the hope that minor errors, which are 
almost impossible to avoid entirely, might thus be reduced to a 
minimum. 


COLLECTING, PRESERVING AND SAMPLING OF HXCRETORY 
PRODUCTS: 


One desideratum in experiments of this kind is to keep the 
air in the chamber as free from disagreeable odors as possible. 
To this end the feces and urine were collected in receptacles 
provided for the purpose, the receptacles being closed imme- 
diately, and passed out through the food aperture after they 
had come into temperature equilibrium with the air in the 
chamber. It was found that the unpleasant odor could be 
almost instantly destroyed by the use of an ordinary toilet 
‘‘atomizing’’ bottle by which minute quantities of a com- 
mercial preparation, presumably containing eucalyptol, was 
diffused into the air of the chamber. The feces were collected 
as described in the article on Digestion Experiments beyond. 

The collection and preservation of the urine for analysis 
requires especial attention. In these experiments the bladder 
was emptied every morning at six o’clock. All the urine 
voided between that hour and the next morning at the same 
hour was taken as the urine for that day. Each day’s urine 
was carefully weighed, thymol being added as a preserving 
agent. 
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DAILY ROUTINE OF THE EXPERIMENTS. 


The digestion experiment which was made with each respi- 
ration experiment commenced two or three days before the 
latter, but both ended at the same time. On the second or 
third day of the digestion experiment the subject entered the 
respiration chamber, but, in order to insure normal conditions, 
the respiration experiment did not begin until six hours after 
he had entered. This allowed the man an opportunity for 
arranging his furniture, the hygrometer, thermometer, and 
other apparatus in the room, and permitted the establishment 
of the needed equilibrium of temperature and moisture content 
in the chamber preparatory to the respiration experiment itself. 

The occupants of the chamber passed the time in such, ways 
as were in general most agreeable under the circumstances. 
They observed regular hours of eating and sleeping. There 
was, of course, almost no opportunity for exercise. In the last 
experiment, however, a special arrangement was made for 
vigorous muscular labor in lifting and lowering a weight sus- 
pended from a pulley. Abundant opportunity was given for 
reading, considerable conversation was held between the occu- 
pant and the men who did the work outside, and the monotony 
was also relieved from time to time by visitors. 

The amount of labor involved in these experiments is very 
considerable. [he work goes on day and night. Relays for 
day and night work were, of course, necessary. During the 
day a force of five or six persons was generally employed. 
During the night, when the occupant of the chamber was 
asleep, the force was reduced to three. 

A brief description of the routine of one day will perhaps 
help to a better understanding of the way in which the experi- 
ment is carried out. ‘The night force of operators was relieved 
at seven o’clock a.m. At that time the subject.was awake 
and ready for breakfast. The assistant, who had charge of the 
preparation and cooking of the food, prepared the breakfast; 
the chemist of the night force changed the system of U tubes 
for analysis of the air. ‘The day chemist proceeded to start the 
passage of the air through the fresh system of tubes, and then 
weighed the system which had just been removed; the read- 
ings of the meter, by which the ventilating current of air was 
measured, and of temperature, barometric pressure, etc., were 


4 
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made. The subject passed out the liquid and solid excreta. 
The readings of the hygrometer and thermometer inside the 
apparatus were taken by the subject on rising, and the obser- 
vations were repeated once in two hours throughout the day. 
Naturally, the inquiry regarding the subject’s physical condi- 
tion, and any changes needed, received early attention in the 
morning. 

Breakfast was ordinarily served at about half-past seven 
o'clock, dinner at about half-past twelve o’clock, and supper 
at six o’clock. Drinking water was given whenever desired, 
its weight and temperature being noted. 

The freezing apparatus required repacking with ice and salt 
about once in two hours during the day and night; the rate of 
flow of water through the aspirators by which the samples 
of air for analysis were drawn was regulated every half-hour. 
The temperature of the air of the meter was recorded hourly: 
The freezers through which the outgoing air passed were 
changed once in twelve hours, and the water condensed in 
them was weighed. The absorption tubes for the water and 
carbon dioxide of the air samples were changed once in six 
hours, at which time the temperature of the aspirators, the 
temperature of the meter, and the readings of the meter and 
of the air pump register were recorded. : 

Concurrently with all of these operations the analytical work 
was carried on and completed as rapidly as possible. 

When a respiration experiment lasts but three or four days, 
the prosecution of all this work is not extremely difficult, 
provided the force of operators is sufficiently large and well 
organized, but when it must be continued for twelve days, as 
was the case in the last experiment, the difficulty is gradually 
increased. When it is considered that both night and day 
forces, as well as the subject, are placed under quite unusual 
conditions, we deem ourselves especially fortunate in having 
been able to continue the experiment successfully for so long a 
period. 

In this connection we take pleasure in expressing our 
appreciation of the courtesy of the Electric Light and Power 
Company of Middletown, by whom a constant supply of 
power was furnished, so that no one of the experiments was 
interrupted. 
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INDIVIDUAL EXPERIMENTS. 


In the following accounts of the individual respiration expe- 
riments reference is made to digestion experiments. ‘The latter 
were made in connection with the former, but the results are 
detailed in the article on digestion experiments beyond. 


RESPIRATION EXPERIMENTS NOS. I AND 2. - 


The daily routine and details of the first two experiments 
were, from the nature of the case, much simpler than those 
of the later experiments. Improvements were constantly 
being suggested and adopted as the work progressed. ‘The 
analysis of respiratory products are, we believe, sufficiently 
accurate to warrant their publication. However, it is only 
fair to state that these two experiments in particular are looked 
upon as decidedly preliminary. When it is considered that the 
experience was a new one to both the subject and to the observ- 
ers, and that time was required to get the machinery in smooth 
running order, the tentative nature of these two experiments 
is apparent. The kinds and amounts of food were as follows: 


Daily Menu. Respiration experiment No. r. Digestion 
experiment Vo. rr. 


The digestion experiment continued 424 ae of which the respiration 
experiment covered 2% days. 








Breakfast. Dinner, Supper. 





Grams. Grams. Grams. 
Eggs, - =sabout' 100 »|' Cooked: meat, ~°- [21 | Cheese, - errs: 
Butter, Z <) IS Butter, ~ esr dee NL thle! fas 3 - 600 
Milk, - - - I00 | Milk, - - - 300 | Milk crackers, - 100 
Bread, - - 100 | Bread, - - 150 
Sugar, - oa eat perotatoes. = - 150 
Coffee, - about 300 





28? grams, approximately, equal one ounce. 


Daily Menu. Respiration experiment No. 2. Digestion 
experiment Io. 12. 


The digestion experiment continued 424 days, of which the respiration 
experiment covered 214 days. 











l 
Breakfast. Dinner, | Supper. 

Grams. Grams. | Grams. 

Eggs, - - about 100 Cooked meat, - 100 | Cheese, = ey |: 

Butter, - ml aa A Butter, - set ZORA LL KS, = - een e's 

Milk, - - =e eluo Milk, - - =P 400.1 Milk crackers, =a LO 

Bread, - =a TOO Bread, = - 1§0-| Sugar, - - <i OG 

Sugar, = ee OO Potatoes, . - - 150 . Coffee, - - about 300 
Coffee, - about 300 | 
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RESPIRATION EXPERIMENT NO. 3. 


In the third experiment the methods of operation had been 
considerably elaborated and improved upon, the force of ob- 
servers enlarged, while the experience gained in the two former 
experiments added materially to its successful completion. ‘The 
diet in the experiment was considerably more varied than in 
those preceding. The subject selected his own diet, and in 
order to avoid monotony, varied the daily menu by having 
canned peaches one day for dinner and supper and canned 
pears the next. 

Daily Menu. Respiration experiment No. 3. Digestion 


experiment No. 13. 


The digestion experiment continued 8% days, of which the respiration 
experiment covered the last 5 days. 








Breakfast. Dinner. Supper. 
I Grams. Grams, 2P Grams. 
Eggs, - mee ri ay eek Cooked beef, - 95 Milk, - - - 500 
Butter, - est O Butter, - See lO Bread, - ~ 125 
Milk, - = =/hs100 Milk, - : me OO Sugar, s Wish er f 6 
Bread, - a 4s Bread, : = 7s Peaches or pears, 200 
Sugar, - = 20 Sugar, - e265 20 
Apples, - - 85 Potatoes, - mip ae. 
Tea or coffee, about 300 Peaches or pears, 159 
Tea or coffee, about 300 











RESPIRATION EXPERIMENT NO. 4. 


The last experiment is more detailed than the previous ones 
and the observations were more thoroughly systematized. ‘The 
interest and enthusiasm of the gentleman who acted as subject 
added materially to the success of the experiment and per- 
mitted the collection of much more valuable data than would 
otherwise have been possible. 


Daily Menu. Respiration experiment No. 4. Digestion 
experiment No. Tg. 


The digestion experiment continued during 1624 days, of which the respira- 
tion experiment covered the last 12 days. 








Breakfast, Dinner. Supper. 

Grams. Grams. Grams, 
White bread, - 75 | Cooked beef, - 96 | Milk, - - - 500 
Oatmeal, - - 40 | White bread, <5 75 Brown bread, - 250 
Beans, - - 120 | Mashed potatoes, - 100 
Milk, - = = 150) |>Buttery- - = 430 
Butter, - - 15 | Apples, - mg els 
Sugar, - - 20 
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The experiment continued for 12 days. It was divided into 
the equivalent of 4 periods of 3 days each, though actually 
there were 5 periods. The first was 15 and the fifth, 134 days, 
making together 3 days. ‘The first short period was regarded 
as introductory. During this period, as during the fifth, the 
subject did not engage in any muscular or mental work except 
such reading and very slight physical exercise as were needed 
to pass away the time comfortably. 

The second period, which was the first experimental period 
proper, was devoted to mental labor. The subject engaged 
for eight hours a day or thereabouts in the active work of 
either calculating results of previous experiments or studying 
a German treatise on physics. The mental application was as 
intense as it could well be made. ‘The third period, which was 
the second experimental period, likewise of three days dura- 
tion, was given to nearly absolute rest. During this time the 
subject was as quiet as possible, neither exercising the muscles 
nor working with the brain. During a larger part of the time 
he reclined upon the bed. Of course it was impossible to 
avoid all intellectual activity, but the amount was made as 
small as practicable. The fourth period, or third experimental 
period, was one of intense muscular activity. A pulley was 
attached to the top of the chamber. Over this passed a cord. 
One end of the cord was attached to a block of iron weighing 
5.7 kilograms. ‘I’o the other end was attached a handle. This 
provided for active exercise not only of the arms, but also of 
the legs and other parts of the body. The whole arrangement 
was quite similar to some of the forms of apparatus very com- 
monly used for gymnastic exercise. With this the subject 
worked severely for eight hours on each of the three days so 
that at the end of each day’s work he was thoroughly tired. 
He perspired very freely during the working hours... This last 
experimental period was followed by the final short period of 
Test. 

In examining the detailed results of the experiments it is 
interesting to note that, whatever had been the occupation 
during the day a period of six hours’ rest was sufficient to bring 
the elimination of carbon dioxide back to anormal quantity. 
Even after the large elimination of carbonic acid which accom- 
panied each period of hard muscular work, amounting at times 
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to 500 grams for six hours, the simple return to rest was fol- 
lowed almost immediately by a return to the normal elimina- 
tion orCOs. : 

In the case of the elimination of nitrogen in the urine, 
however, the increase consequent upon hard muscular work, or 
the decrease when the body was in a state of rest, did not mani- 
fest itself until some hours after the muscular work began or 
ended. This interval, during which the excretion of nitrogen 
lags behind the metabolism, and which we have got in the way 
of calling the ‘‘ nitrogen lag,’’ may be assumed to be longer or 
shorter. For instance, it may be supposed that the nitrogen 
metabolized in a given day beginning at six in the morning 
will be excreted in the urine of the day beginning the follow- 
ing noon, thus allowing a lag of six hours. ‘This assumption 
was actually made in the calculations of nitrogen balance in 
one of the experiments here reported. In another experiment 
a lag of twelve hours was allowed for. As explained in the 
discussion of the details of respiration experiment No. 4 be- 
yond, thirty hours may be a more nearly correct period, and 
estimates are made accordingly. 

We have been unable to find data for judging at all accu- 
rately as to the length of this interval of lag. For that mat- 
ter it is doubtless impossible to make any accurate estimate, 
for there is no assurance that either exactly the same nitrogen 
or the same amount of nitrogen that is metabolized during a 
given period will be contained in the urine of any other period 
of equal length unless both periods are very long. Sufficient 
evidence of this is found in the fluctuations in the daily nitro- 
gen excretion in the experiments herewith reported, when the 
diet and other conditions were reasonably uniform. 


RESULTS OF THE RESPIRATION EXPERIMENTS. 


The detailed results of these experiments are given in the 
Bulletin of the Department of Agriculture above referred to, 
in which the methods of calculating the results from the numer- 
ous data are more or less fully explained. It will, therefore, 
suffice here to briefly recapitulate the principal data. Those 
for ventilation and CO, exhalation are epitomized in table 9 
beyond. Those for nitrogen and carbon balance are summar- 
ized in tables 7 and 8 herewith. 
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TABLE 7. 
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Nitrogen balance and estimated gain and loss of protein in 
resptration experiments, 


The figures of column C are obtained by subtracting those in B from those in A. 












































































































































In like manner KF = A—(B+D)orKE=C-—D. 
NITROGEN, 5 7 = ae 
~— G0 
A B CL na E my see 
A a Sh Cars S do 
ee ee te eh a Seu ae 
fe os g SIGE Sea) oa eee A 
bo u wn elie: Sates 
tT) EG Roretie gecees ice, araky A eimieen te > s 
Experiment LVOF: Grams. Grams Grams. Grams.| Grams. | Grams. | Grams. 
Croe Gs} 
Feb. 17-18, - 2 yey ee, 9 | 21.8 | 20.2 | +1.6 | +10.0| +43.3 
Feb. 18-19, - me a 2.7 .9 | 21.8 | 19,0 | +2.8 | +17.5 |f+75.8 
Remon edayy a) <1) 20-E hk 23) 9-8) 3.8 | +650) +37.514162,5 
Total, 21% days, Pee oor e285 344-) 43.0 }4-10, 45] +65 .014220170 
LEixperiment No. 2. 
(i. OF) | 
Feb. 26-27,.- - Se OPea mine Or eto 0.1. O.f 609 ons 
Feb. 27-28, - 4 SRL ease PaO 17.0 Wa 705) oO. I V0.0 +2.6 
Feb. 28 (\% day), - a 4.5 5 4.0 3.6 | +0.4 | +2.5|/ +10.8 
Total, 2% days, - | 42.9 | 3-7 39.2 | 39.7 | —0.5 | —3.2| —13.9 
Lixperiment No. 3. 
(OnF. T:) | 
Mch, 16-17, - =H TO. T .Q | 15.2 | 12.7 | +2.5 | +15.6| +67.6 
Mch. 17-18, - - | 16.1 2Oe et Sivas 1th eT 7 | - 1020) FA 5G0 
Mch. 18-19, meen rt| TO. .g | 15.2} 13.6 | +1.6 | +10.0] +43.3 
Mch. 19-20, - awe Gad ROUT Sh 2h eis a-1s5-) Old |) A240 u7 
Mch. 20-21, ~ - | 16.1 19 °| $5).2° 1715.2 0.0— 0.0 0.0 
Peeriayom et se So 5 Vy nel 460 | 68.7%) 7.3.) 45:6 |--10705 
Experiment No. 4. | 
(A. W.S.) | | 
Mch. 23 (5% day), - 5.0 9 4.1 g.1 | 15. O(a 3.1).G4—- 135.0 
Mch, 24-25, - Sele oe eked re tAG OMG oO. pay ued Aah TOL 
Mch. 25-26, ~ Pete let weld Wek FOR Vote 7 10.6)" 44520 
Mch. 26-27, - Prt leh a i4.o) 13.7 | HI SI --6.7 | -+29.0 
Mch. 27-28, - imloeer ied. | tiee | 12.6.1 -+-2,2 +13.7| +59.4 
Mch, 28-20, - Pi Loetrietedtield.o Wt. OQ, joe 2eq b-Fi8. 1 | 75.4 
Mch. 29-30, - Peete ees ane id al 2042 Avi 15.0) -O8)-0 
Mch. 30-31, - Helo 22 | D4 1420 \ 1300 e127 | +10.6| +45.9 
Mch. 31-Apr. I, - Stoo Vle4 (pide | 11:49 |. 4-3-1 | -+19.4) 4+-84c1 
ADte I-22," = - eos ied et qo 10.4 TO | 10/0), 4373 
Apr. 2-3,° = - Pele cel yelaLow iA 3 Os |. 4-30) 13.4 
Apr. 3-4, - - Sy ORO OR GATS CVSS BO WIS ESRD Sg tee id item ae 98 ates Lot 
Apr. 4 (% day), - - | 11.2 Sn ea On Bae 5 4) 1b 3377 t4one 
Total, 12 days, - - {194.4 {16.8 |177.6 |163.8 |+13.8 | +85.9 +372), 2 








* N. multiplied by 6%. + Assumed to be equivalent to protein multiplied by 4%. 
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‘LABLE 8) 


Carbon balance and estimated gain and loss of fats tn respiration 
experiments, 


The figures of column E are obtained by subtracting those in B from those in A. 






















































































































































































In like manner F = A — Mapes ree ges oe: EK — geese) 
Green ean 
oN 
A B Cc D E F Q H oe 
DATE. OSL nes cape eee in eel Leo ts - ft a ot 7 chal: 
SSeS ats se|iac| 22 | Bey lSesrl@ Boul dae 
Ree See sbi sO) oe tg oe eee 
= o) } o A |} Oo. 78h 4 see 
Experiment No.1. Grams. | Grms.| Grms. Grams. | Grams. Grams. | Grams. | Grams. | Grams 
(E. O.) 
Feb. 17-18, - | 289.3} 9.0) 11.7] 216.5) 280.3) +52.1) +5.3) +46 .60-oree 
Feb. 18-19, oa)4289-3\" 20 c0) F170 201.7 280.3} +58.6) +9.3] +48.3) +63.1 
Feb. 19 (14 day), | 112-0) 3.0] 2.2) 49.5 108.0} +56.3;/+19.9| +36.4| +47.6 
Total, 2% days, 689.6) 21.0) 24.9) 477.7) 668.6/+167.0/-+34.5|+131.5|+171.9 
Lexperiment No.2. 
(E..0.) | 
Feb. 26-27, - |. 260,601. 9.9) °14..7) (233 “5|1250, 7). = 255 3.3] +5.8] +7.6 
Feb. 27-28, - | 260.6) 9.9) 13.9] 207.3) 250.7] +29.5| -+.3] +29.2] +38.2 
Feb. 28 (4 day), | 67.1) 3.3) 2.9]. 46.8) 63.8) +14.1| -+-1.3) —-iaegmeenaes 
Total, 24% days, 588.3) 23.1) 31.5 487.6) 565.2} +46.1) —1.7) +47.8| +62.5 
Lexperiment No. 3. 
LOM AT.) | 
Mch. 16-17, - | 239.5) 6.9) 8.7] 220.9) 232.6} +3.0) +8:3/ —5.3| —6.9 
Mch. 17-18, - | 239.5] 6.9} 9.9) 215.3) 232.6) +7.4)'+5.6] +1.8] +2.4 
Mch, 18-19, - | 239.5) 6.9] 10.6} 218.8) 232.6] +3.2] +5.3]| —2.1| —2.7 
Mch. I9g-20, - | 239.5; 6.9] 11.8] 222.9) 232.6] —2.1} +5.0|. —7.1| —9.3 
Men. 20-21; °° =) 239.5). 6.9) (13.61, 2218 7/9232, 6 =o 0.0} —2.7|/ ==3.5 
Total, 5 days, 1197.5) 34.5] 54.6/1099.6|1163.0| +8.8/+24.2| —15.4| —20.0 
Lixperiment No. 4. 
Gans) | 
Mch. 23 (% fay. 86.4, 6.6) 5.9) 139.2) 79.8] —65.3|\—16.6| —48.7| —63.7 
Mch. 24-25, 244.1) 10.5) 7.6) 237.0) 233.6] —11.0] +2.3}| —13.3| —17.4 
Mch. 25-26, - | 244.1) 10.5} 5.9) 244.3) 233.6) —16.6) +5.6| —22.2| —29.0 
Mch. 26-27, - | 244.1) 10.5) 8.9} 231.5] 233.6] —6.8) +3.6| —10.4] —13.6 
Mch. 27-28, - | 244.1) 10.5} 11.5} 220.7) 233.6] +1.4/ +7.3| —5.9]/ —7.7 
Mch, 28-29, - | 244.1) 10.5} 13.0) 240.6; 233.6] —20.0| +9.6| —29.6| —38.7 
Mch. 29-30, - | 244.1} 10,5) 8.4) 229.4] 233.6] —4.2] +8:0l—12 3le——=1600 
Mch. 30-31, 244.1, 10.5] 10.8) 243.2) 233.6) —20.4) +5.6| —26.0| —34-0 
Mch. 31-Apr. I, | 244.1| 10.5) 8.7| 348.0] 233.6/—123.1 +10.3|—133.4|—174.4 
Apr. I-2, - - | 244.1) 10.5) I1.0} 384.7) 233.6|—162.1;| —5.3/—156.8|—205.0 
Apr. 2-3, - - | 244.1) 10.5} 10.4] 381.7] 233.6/—158.5 +1.6/—160,1/—209.3 
Apr. 3-4, - 244.1) 10,5) I1.2| 242.7| 233.6] —20.3| —4.3| —16.0) —20.9 
Apr. 4 (% day). 157.7; 3-9) 6.0) 93.9| 153.8] +53.9/+17.9] +36.0) +47.1 
Total, 12 ESE 2929 .2'126.0/119. 3/3236.9/2803.2|—553.0/+45.6 —598 .6,—782.6 
| | etl | 
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The methods for calculating the results from the observed 
data, which were found by weighings, measurements, and 
analyses—and are quite extensive—are explained in the publi- 
cation just referred to. The estimates of income and outgo 
and gain or loss of protein are made by multiplying the nitro- 
gen by the factor 6.25. The corresponding estimates for fats 
are made by assuming the protein to contain 53 per cent. 
and the fats, 76.5 per cent. of carbon. The carbon in the 
protein gained by the body is added to, or that in the protein 
lost 1s subtracted from, the carbon of the outgo; the resulting 
amount is subtracted from the total carbon of the income, and 
the difference, divided by .765, is taken as representing the 
gain or loss of fat. The estimates of potential energy are based 
upon direct determinations of the heats of combustion of food, 
feces and urine. In the estimates in which fat gained or lost 
by the body are involved, however, each gram of fat is assumed 
to contain 9.4 calories of potential energy. In the correspond- 
ing estimates of fuel value of the protein gained or lost it is 
assumed that incompletely oxidized nitrogenous compounds 
excreted in the urine will have the fuel value of the urea cor- 
responding to the nitrogen of the protein. 


DISCUSSION OF RESULTS. 
VENTILATION AND PRODUCTION OF CARBON DIOXIDE. 


The observations regarding ventilation and the effects of the 
presence of carbonic acid in large quantities are of decided 
interest. 

The results are epitomized in table 9, from which it will be 
seen that the quantity of CO, in the incoming air, which was 
ordinary, fresh air from the outside of the building, was normal, 
ranging from .55 to .60 milligrams per liter. The ventilation 
in experiments 1 and 2, taken collectively, was at the rate of 
about 50 liters of air per minute; the CO, in the outgoing air 
varied from 8.0 to 12.7, and averaged 10.7 milligrams per 
liter. In experiment No. 3, with an average ventilation of 75 
liters of air per minute, the range of CO, in the air was from 
Mmcmtoec-ontie per uter and the average 7.4 mg. per liter. 
The smaller quantity of CO, in the air as compared with expert- 
ments 1 and 2 was due to the larger ventilation, since the 
average weight of CO, given off in 24 hours was 806.4 grams . 
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as compared to 778.6 grams in experiment 1 and 794.6 in expe- 
riment 2. In these three experiments the subject was either at 
rest or engaged in light mental work as reading. 


TABLE 9. 
Ventilation and CO, exhalation in four respiration experiments. 
Quantities of atr supplied in the ventilating current 
and of carbon dioxide exhaled. 
The COz in the incoming air ranged from .55 to .60 milligrams per liter. 





















































Z, 6 2 CO, In OuTGoING AIR. |¥ fa fa 
4 4-5 AMOUNTS PER LITER. Bs 2 
= SUBJECTS AND EXPERIMENTAL PERIODS. Ee sO eal 
a, e me 
ow S | Min Max. Avg. < 4 _ 
| Liters. | Mgms. | Mgms. | Mgms. | Grams. 
Td, bt ).. ab test..24- davex - - -| 49 8:0 | 12.5: | TIvOmayaee 
oer t. O., atwest, 24 dayer « - - 50 8.1 | 12.7 | 1O2pae ogee 
aan Oo le eat light mental work, 5 days,| 75 4.6 9.9 7 ht SOO 24 
ee ‘period, at rest, 156 days, - 55 8.8 | 12.8 } 1OCss esAce 
y) | 2d period, at mental work, 3 days,| 55 87°) 12:8-| 1675S estes 
| 3d period, at rest, 3 days, - - 55 g.0° 1 12.5.) 10,6268 7iee 
4) = 1 4th period, at muscular w’k, 3days,) 55 9.9 | 24:6.) 160.8 41562 4m 
<i | 5th period, at rest, 134 days, - 55 10.9 |°13.4: /S1DG7 ano 
(eT otal s12idays.e ae - - 55 8.1.1 24.6 +p d23 34 oSo0e2 





Experiment No. 4 is of much more interest in this connec- 
tion, since the differences in mental and physical exercise were. 
much wider. During the first and fifth periods of 154 and 13 
days, respectively, the subject was at rest. During the second 
period, which lasted 3 days, he was engaged in rather severe 
mental work. ‘The third period was one of as nearly absolute 
rest as was practicable; in the fourth the subject was engaged 
in severe muscular work for 8 hours per day. ‘The rate of 
ventilation was 55 liters per minute. The temperature of the 
air in the chamber was generally from 19°-20° centigrade, 
though it fell at times to 17° and rose during the periods of 
hard muscular work to 22°. 

The weight of CO, given off in twenty-four hours ranged 
from about 850 to goo grams for the days at rest, and was no 
larger with mental work, but averaged over 1,360 grams for 
the days of muscular work. During two periods of six hours 
each of hard muscular work the elimination of CO, reached 
513 and 501 grams respectively. During the night or sleeping 
period the exhalation of CO, was singularly constant irrespec- 
tive of the day’s occupation. It amounted to 175 grams in six 
hours, with but slight variation from that figure. 
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The weight of CO, in outgoing air during the periods of rest 
and mental work ranged from 8.1-13.4 mg. per liter, but aver- 
aged not far from 11 mg. per liter. During the period of 
muscular work, however, the range was from 9.9 mg. per liter 
in the hours of rest, ¢. ¢., at night, to 24.6 mg. per liter in the 
hours of severe work. 

Authorities on ventilation commonly estimate the maximum 
of carbon dioxide permissible in the air of inhabited rooms at 
one part per thousand by volume, which corresponds to 1 cc. or 
about 1.97 mg. CO, per liter. It will be observed that the 
amounts of CO, in the air in the respiration chamber during 
these experiments was from 8-25 mg. per liter, and averaged | 
10-12 mg. per liter. In other words, the subjects of hese 
experiments lived constantly in an atmosphere containing from 
five to six times the amount of CO, in the standard just 
Teferred to. In experiment No. 4 the CQ, rose to nearly 
thirteen times the amount in the standard. The interesting 
fact in this connection is that no one of the subjects appeared 
to experience any inconvenience whatever from either this 
large amount of carbon dioxide or from any other products of 
exhalation. In experiment No. 2 the subject was for a time 
somewhat ill, but, apparently, the reason for this was entirely 
separate from the ventilation. , 

The subject who remained in the apparatus during the five 
days of the third experiment was as comfortable in every way, 
according to his repeated statements both during the experi- 
ment and afterwards, as if he had been breathing the air of 
an ordinary well-ventilated room. Even in the fourth experi- 
ment the subject was not aware of the least inconvenience or 
sense of discomfort during the twelve days of his sojourn in 
the chamber. | 

It may be added that these results are in accord with the late 
experiments by Messrs. Billings, Mitchell, and Bergey,* which 
imply that the discomfort experienced in poorly ventilated 
rooms is not due to the excess of carbon dioxide. 

We venture the suggestion, however, that one cause of the 
discomfort felt in ill-ventilated rooms occupied by a number of 





* ‘The Composition of Expired Air and its Effects upon Animal Life. By J. S. Bil- 
lings, M. D.; S. Weir Mitchell, M. D.; and D. H. Bergey, M. D. City of Washington. 
Published by the Smithsonian Institution, 1895. From Smithsonian Contributions to 
Knowledge, vol. xxix. (No. 989. Hodgkins Fund. ) 
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people may be the large amount of moisture which accumulates 
in the air while at the same time the temperature rises. Some 
of the observations made in the experiments above described 
accord with this hypothesis. 


NUTRIENTS AND ENERGY. 


The nutrients and potential energy of the food eaten and of 
that digested in the four experiments are summarized in tables 
io and 12. ‘Table 11 shows the balance of nitrogen and of 
carbon. 

In the first experiment the diet was high in protein. The 
subject, a laboratory janitor, was accustomed to somewhat 
active muscular work and had a very hearty appetite. The 
diet was of his own selection and proved more than sufficient 
for the needs of his organism during the experiment when he 
was comparatively inactive. His organism stored both protein 
and fat. 

In the next experiment, which was made with the same 
person, the diet was, the same in kind but less in quantity. 
The ration proved insufficient to maintain the nitrogen equi- 
librium, although some fat was stored. In this case, however, 
the quantity of protein lost and of fat gained were quite small, 
so that the organism was very nearly in equilibrium, especially 
as regards nitrogen. 


ABI TO 


Nutrients in the four respiration experiments. Total and diges- 
: tible nutrients tn daily food with corresponding potential 
energy and average daily gain or loss of 
body protein and fat. 
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I | E. O., 24% days, - | 143 | 126 | 206 3230 | 136 | 123 | 290| 2960| +14 | +62 
DWE) 2 days anu F 25 (112 281 | 2925 110} 109 | 277 | 2645 | — 3] +23 
3 | O. F. T., 5 days, ra3) 78 | 338 | 2725 95} 74] 331] 2530| + 9|— 4 
4 | A. W.-S., 12 days, | 10r | 65 | 329 | 2740.) 93.) 821-3275 seo ets oG 
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TABLE Er. 


Nitrogen and carbon balance in four respiration experiments. 
Average daily income and outgo and gain or loss of 
nitrogen and carbon in the body. 















































so | In DIGESTED | In MaTERIAL| GAIN (+) OR 
! Nurrients |Consumepin| Loss (—) IN 
Pa or Foop. | THE Bopy. THE Bopy. 
ae SUBJECTS AND EXPERIMENTAL PERIODS. eee : st ee ee 
Z N. G | NDE C2at YN: e 
| (oan eek) Gee Gre Gn Gr. 
1 |E. O., 2% days, no work, - - | 21.8 |280.3 19.6 |225.5/+2.2\+ 54.8 
2|E. O., 2% days, no work, - - | 17.6 |250.7| 18.0 |234.7\—0.4/+ 16.0 
3 |O. F. T., 5 days, light mental work,| 15.2 /232.6) 13.7 |230.9 +1.5/+ 1.7 
| ( Ist period, rest, 158 days, = | 74.9 1233.6) 14.7 \239. 5140.0.) Ang 
| a | 2d period, mental work, 3 days, | 14.8 |233.6 13.1 |241.0)+1.7;— 7.4 
ae | 3d period, rest, 3 days, - - | 14.8 |233.6| 12.5 |248.4/+2.3\— 14.8 
= 1 4th period, muscular w’k, 3 days,| 14.8 233.6 14.1 |381.5|+0.7/—147.9 
< | 5th period, rest, 13@ days, i 84233.6).1502 \26022\—0 -4i = 20.6 
| Whole experiment, 12 days, | 14.8 }233.6 13.6 |279.7|+1.2|— 40.1 





I Total nitrogen of urine. 
2 Carbon of CO, exhaled plus that of urine. 


ABLE Te: 


Protein and energy in four respiration experiments. Comparison 
of protein and potential energy of the digested nutrients 
of the food with the protein and potential en- 
ergy of the materials consumed and of 
the materials gained and lost in 
the body. Average quan- 
tities per day. 
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Gr. Cal. Gr. Cal. Gr. Cal. 


1 | E. O., 2% days, no work, - #1 -136,)) 2900 122°) 2310 | +14 |-+ 650 
2|E. O., 24% days, no work, - pI LOWe2Od4SonT13)\2440 | — 34+ 205 
3 |O. F. T., 5 days, light mental WOIK, 6 O54 12530) 00 1) 2530 | 479 oO 


( Ist period, rest, 156 days, z G31 2520 1. 86), 2585 | 4-04 | 05 
j | 2d period, mental work, 3 days,) 93 | 2510 | 82 2615 | +II — 105 
| 
| 
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= 





- | 3d period, rest, 3 days, - 2 93/2485 } 78 | 2005 J+ 15-1270 
4th period, muscular w’k, 3 days,; 93 | 2500 88 | 4325 | + 5 |—1825 
5th period, rest, 13 days, - 525204) 405 192840 pF 2 gee 

Whole experiment, 12 days, OF) 2500.0 85, 3080) |—- 8-50 
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In the third experiment the diet was considerably smaller in 
protein and energy than in the two preceding. ‘The subject, a 
chemist, was accustomed to rather less muscular labor than the 
person in the first experiment. He was also rather lighter in 
weight and the diet which he chose was smaller in both nutri- 
ents and energy. There was a slight gain of protein and loss 
of fat during the experiment, but on the whole the organism 
was very nearly in equilibrium in respect to both nitrogen and 
carbon. The fuel value of the material actually consumed in 
the body was larger than either of the two preceding experi- 
ments, though somewhat smaller than that in the fourth 
experiment under similar conditions. 

In the fourth experiment the subject was a physicist. He 
was taller than the subject of the third and heavier than either 
of the subjects in the preceding experiments. ‘The diet, which 
was of his own selection, as in the previous cases, was the 
smallest of all in protein, though it was very nearly the same 
in energy as that of the third experiment. Nevertheless, the 
figures indicate a slight gain rather than loss of protein during 
all of the periods of the experiment when there was no espec- 
lally large muscular activity, though there was constant loss 
of fat from the organism. In the period of muscular activity 
the loss of fat was very much larger, and there was apparently 
a slight loss rather than gain of protein in the organism as 
shown in tables 13 and 14, where allowance is made for a lag 
of 30 hours in the urine. The loss of carbon during the hard 
muscular work amounted to 148 grams per day. 

It has been stated above (p. 102), that in experiment No. 4 
six hours was allowed for the lag of the urine. ‘That this time 
was insufficient was also pointed out, and 30 hours was sug- 
gested as the more probable period of lag. ‘Tables 1 3 and 14 
give the nitrogen and carbon balance in this experiment, 
together with the calculated protein and energy, allowing for 
both 6 hours’ lag and 30 hours’ lag. It will be seen that the 
results are much more uniform under the latter supposition 
than under the former. ‘Thus when we allow 6 hours’ lag the 
protein consumed during the three periods of mental work, 
rest, and muscular work are 82, 78, and 88 grams per day, 
respectively, while with a 30 hours’ lag the corresponding 
values would be 79, 78, and 98 grams. 
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Table 13 shows the average daily income and outgo and gain 
or loss for each period. ‘The estimates for nitrogen are on the 
basis of six hours and of thirty hours’ lag in urine. 

Table 14 shows comparison of protein and potential energy 
of the digested nutrients of the food with the protein and energy 
of the materials consumed and of the materials gained or lost 
from the body. ‘The average quantities are those per day for 
each period. The estimates for nitrogen are on the basis of six 
hours’ and of thirty hours’ lag in the urine. 


TABLE 13. 
Nitrogen and carbon balance in experiment No. 4. 
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NUTRIENTS CONSUMED IN Loss (—) IN 
Periops oF THREE Days EACH. eos phan THe 
Ni ari Ch LN te N. C. 
Allowing 6 hours’ lag |Grams| Grams. |Grams| Grams. | Grams.| Grams. 
Hard mental work, - - | 14.8 | 233.6 | 13.1 | 241.0 toy is ye 
Rest, + ° = - a P1438) 299.60 12.5 |-2487/4')-++-2.3 |—-a14e8 
Hard muscular work, - = TA S233. OTA Lop S81 5 lit. 7 ee 


Allowing 30 hours’ lag. 
Hard mental work, ‘ - | 14.8 | 233.6] 12.7 | 241.0| +2. 




















| Thiet oe 

Rest, - = . - | 14.8 | 233.6| 12.4 | 248.4| +2.4 |— 14.8 

Hard muscular work, - PVi4.oy 233. Ole O) 3085 4 — .8 |\—147.9 
TABLE 14. 


Balance of protein and energy in experiment No. 4. 
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THE MATERIALS AND ENERGY ACTUALLY CONSUMED AND 
THOSE GAINED OR LOST BY THE BODY. 

In the discussion and tables above, the distinction has been 
made between the quantities of nutrients in the total food, those 
in the food digested and those actually consumed. Where the 
organism is in equilibrium, and there is neither gain nor loss 
of material, the quantities digested and those consumed would 
be the same. When, however, there is a gain of protein or fat 
the quantity consumed is less than that digested. On the other 
hand a loss of protein or fat corresponds to a consumption in 
excess of the amounts digested from the food. The tables give 
the quantities of energy corresponding to the nutrients con- 
sumed, as well as those eaten and digested. From these data 
tables 15 and 16 are drawn up with the purpose of indicating 
more clearly the comparison of protein and energy in the nutri- 
ents digested and in the material actually consumed in the body, 
together with a gain or loss of protein and energy. It is inter- 
esting to note the differences in the different experiments with 
the three persons who were the subjects. The differences in 
the persons as to weight, ordinary occupation and diet have 
been already referred to. It will, however, be of interest to 
add that some studies had been previously made which throw 
a little more light upon the dietary habits of two of them. 

Two dietary studies were made in the family of the laboratory 
janitor, one in November and the other in March.* In these 
the average protein in the food eaten per man per day was 
estimated at 126 grams, and the total energy of the nutrients 
at 3,900 calories. The corresponding amounts digested were 
estimated at approximately 116 grams of protein and 3,660 
calories. This was, on the whole, a liberal diet. It is slightly 
larger than the standard tentatively proposed by Prof. Atwater 
for an ordinary man at moderately hard muscular work. 

Two dietary studies were made by the subject of experiment 
4 at his home in a country town in another State on the occa- 
sion of vacation visits, one in the winter and the other in 
summer.t There was but little difference between the results 
of the two, and it may be supposed that they represent the 
dietary habits which this gentleman had naturally acquired. 
The averages per man per day were, approximately, for the 





* Page 117, beyond; dietaries Nos. 15 and 19. + Ibid, Nos. 27 and 174. 
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total food eaten, 79 grams of protein and 3,125 calories of 
energy. ‘These quantities are estimated to correspond to about 
71 grams of protein and 2,955 calories of energy in the food 
actually digested. 

These observations, taken in connection with the differences 
of occupation, are of interest in comparison with the figures of 
the tables above. In tables 15 and 16 the results are put 
together in such form as to bring out more clearly the com- 
parisons between the quantities of nutrients and energy in the 
food, the quantities actually consumed by the body, and the 
gain or loss by the body in each case. ‘The figures for experi- 
ment 4 are computed on the basis of 30 hours’ lag in the urine. 

It will be observed that the laboratory janitor, who was 
accustomed to moderately active muscular work, ten hours per 
day, and who was what would be called a “‘hearty eater,’’ 
consumed during the first experiment 122 grams of the 136 
grams of digestible protein in his food, and at the same time 
stored the remaining 14 grams according to the calculations of 
these experiments. Of the 2,960 calories in the food digested 
he consumed material corresponding to 2,310 calories. ‘The 
digested nutrients of the food furnished an excess of carbo- 
hydrates and fats as well as protein, so that his organism 
stored fat and protein corresponding to 650 calories of energy. 
In the second experiment his diet was reduced so as to supply 
only 110 grams of digestible protein and 2,645 calories of 
energy. In this case his organism was estimated to consume 
113 grams of protein, a trifle more than the food supplied, and 
2,440 calories of energy. The organism gained considerable 
fat, enough to make a gain of material corresponding to 205 
calories of energy. 

The subjects of experiments 3 and 4, who were accustomed 
to only light muscular activity as is natural with their profes- 
sional work, chose for their diet materials computed to supply 
95 and 93 grams of digestible protein and other digestible 
nutrients sufficient to furnish about 2,500 calories of energy 
per day. When at rest in the respiration apparatus or engaged 
in either light or severe mental work, they consumed from 79 
to 86 grams of protein and from about 2,500 to 2,700 calories 
of energy. ‘This consumption must have been reasonably eco- 
nomical, since the amounts of nutrients available were so small. 
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TABLE I5. 


Kecapitulation of amounts of protein and energy consumed daily 
zm each of the four respiration experiments, 






























































} v | In DiGestep IN MaTeRIAts) Gain (+) oR 
7 & | Nutrients | ConsumepD1INn| Loss (—) In 
; Q oF Foop. THE Bopy. THE Bopy. 
x SUBJECTS AND OCCUPATION. S : 
g Be tS g E a E = 
a Al @ es a es A, es 
E. ©O., laboratory janitor. Gre Cale et) a 
Weight, 148 lbs.  Accus- 
tomed to moderately active 
exercise, and to liberal diet 
with considerable protein. 
I Ist experiment, larger ration, 2141136 | 2960 |122 | 2310 |+14/+ 650 
2 2dexperiment, smaller ration, |2%}110|] 2645 |113| 2440 |— 3/+ 205 
PPO. Fy sly, schemist.-oW eight) | | 
140 lbs. Accustomed to light | | 
3 4 muscular activity and sod? 5°/,).95.1 2530); 80) 2580 tear be 
| L erate diet. | | 
|{ A.W. S., physicist. Weight, 
168 lbs. Accustomed to light 
muscular activity, and to diet 
with relatively small propor- 
4 + tion of protein. 
|, Severe mental work, - - 3 | 93) 2480 | 79] 2595 |+14/— 115 
|| Absolute rest, - - - 3 | 93] 2505 | 78| 2715 |+15|— 210 
Severe muscular work, - - 3 | 93} 2515 | 98] 4325 |— 5/—1810 
| Whole experiment, - - {12 | 93} 2500 | 85] 3080 |+ 8|— 580 
¥ j + 
TABLE 16. 


Comparison of materials and energy of digested food with those 
gained and lost by the body. 
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2 | E. O., no work, : - | 24 | 110 | 109 | 277 | 2645 |— 3/4 23/+ 205 

BO eE vl, livhtumerital work, ss 95 | 74 | 331 | 2530\/+ gi— 4 oO 
| {Ist period, rest, - - | -1}§ | 93 | 82'| 321 | 2500 |\4- 4) gees 65 
| | 2d period, mental work, | 3 93 | 82 | 321 | 2500|+11/— 17/— 105 
ae : 3d period, absolute rest, | 3 93 | 82 | 321 | 2500|+15/— 30/— 210 

2 |~ | 4th period, muscular w’k,) 3 93 | 82 | 321) 2500/+ 5|—196 —1825 
|< | 5th period, rest, - - | I¥g |) 93} 82 | 321 | 2500|— 2/— 33|— 320 
| | Whole experiment, - | 12 93 | 82] 321 | 2500/+ 8/— 66/— 580 
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The food in experiment 3 supplied only a trifle more protein 
and no more energy than was consumed, while in experiment 
4, when the subject was at rest or engaged in mental work, 
there was, with a slight, apparent gain of protein, a decided 
loss of fat. That the subject of experiment 4, although a man 
of larger frame and larger weight than the one of experiment 3, 
consumed ‘less protein, seems to accord with his habit of using 
small quantities of protein which is implied in the dietary studies 
mentioned above. But while his organism consumed smaller 
quantities of protein it consumed more fat and more energy 
than was the case with the subject of experiment 3. When the 
same person engaged in severe muscular work the consumption 
of protein rose from 78 to 98 grams per day. The consump- 
tion of energy at the same time rose from 2,715 to 4,325 calo- 
ries. ‘hat there should be such an increase in the consumption 
of both protein and energy with the severe muscular work is 
not at all surprising. How the consumption of protein during 
the period of muscular work would have been affected if the 
quantity of carbohydrates and fats had been sufficient, is of 
course uncertain. 


IN CONCLUSION. 


The experiments above described offer considerable material 
for discussion. Since, however, they are of a preliminary 
character, and are to be followed by others in which the results 
of the experience here obtained will be used, it is deemed best 
to reserve the discussion until at least some of the anticipated 
work shall have been accomplished. Meanwhile the following 
statements are perhaps in place: 

1. ‘The experience here obtained emphasizes the desirability 
of longer experimental periods than have been customary in 
experiments of this class. Although a considerable number of 
respiration experiments have been made elsewhere with animals 
and man, the periods have rarely exceeded 24 hours. The 
results here obtained are sufficient to show that the results ob- 
tained in periods so short are less conclusive than is to be desired. 

2. Much care needs to be bestowed upon the analyses of 
the materials of income and outgo. In the majority of experi- 
ments elsewhere reported the composition of food and solid and 
liquid excretory products has been in large part assumed 
rather than estimated from direct analyses of specimens of the 
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materials belonging to the experiments. In like manner there 
is need of the greatest possible care and accuracy in the deter- 
mination of the gaseous excretory products. Nor can any of 
the organic matters given off in perspiration and exhalation be 
left out of account if the fullest accuracy is to be attained. 

3. It is to be hoped that future experience may lead to such 
improvements as shall insure the accurate measurement of all 
the chemical elements involved in the income and outgo. It is 
evident that there are no insurmountable obstacles in the way 
of reasonably accurate estimation of the income and outgo of 
nitrogen and carbon. As regards the hydrogen the difficulties 
of determination have thus far been more serious, but they do 
not appear to be by any means insurmountable. ‘The quan- 
tities of sulphur and phosphorus are so small that extreme 
accuracy is needed for their estimation in order to insure satis- 
factory comparison of income and outgo. ‘The experience in 
this laboratory leads us, however, to hope that by refinement 
of methods and care in manipulation reasonably reliable results 
may be obtained. 

4. The prospects for obtaining a satisfactory balance of 
income and outgo of energy are on the whole decidedly en- 
couraging. The determination of heats of combustion by the 
bomb calorimeter are eminently satisfactory and there seems 
to be good ground to hope that ultimately the measurements 
of heat given off from the body may also prove feasible within 
the limits needed for such purposes. Satisfactory results have 
already been reported by other experimenters with small 
animals, and indeed with men during experiments of short 
duration. 

5. The results of these experiments and of similar investi- 
gations elsewhere bring out very clearly the differences in the 
amounts of nutrients and energy required by the organisms of 
different persons under different conditions. A large amount 
of work will be needed, however, to bring the experimental 
data necessary for accurate generalizations. ‘The importance 
of the subject is such as to call for the most extensive and 
painstaking research. We may confidently expect that with 
the growth of inquiry, which has of late become so rapid in 
Europe, and may be anticipated in the United States, the 
needed information will gradually accumulate. 
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STUDIES OF DIETARIES. 


REPORTED BY W. O. ATWATER AND A. P. BRYANT. 





Accounts of studies of dietaries of families, boarding houses, 
and clubs made by the Station have been given in previous 
reports as follows: 





1. A boarding house. (1) 18. A College lady students’ club. (4) 
2. Achemist’s family. (1) 19. A Swedish laborer’s family (same 
3. A jeweler’s family. (2) | as No. 15). (4) 
4. A blacksmith’s family. (2) 20. Three chemists. (4) 
5. A machinist’s family. (2) | 21. A carpenter’s family. (4) 
6. A mason’s family. (2) _ 25. An infant nine months old. (5) 
7. A carpenter's family. (2) 26. A chemist’s family. (5) 
8. A carpenter’s family. (2) | 27. A farmer’s family. (5) 
g. The family of the Station Agri- | 28. A chemist’s family (same as No. 
culturist in winter. (3) | 26). (5) 
10. A mason’s family (the same as | 29. A chemist’s family (same as No. 
G16) .<, (3) | 26)2 55) 
tr. A carpenter’s family (the same | 45. A farmer’s family. (5) 
as No. 8). (3) | 46. A farmer’s family (same as No. 
12. A College students’ club. (3) | a5)e (5) 
13. The family of the Station Agri- | 120. A farmer’s family. (5) 
culturist in summer. (3) | rat. A farmer’s family. (5) 
14. A widow’s family. (4) 123. A farmer’s family. (5) 
15. A Swedish laborer’s family. (4) | 124. A College students’ eating club. 
16. A College club. (4) (5) 
17. A Divinity School club. (4) 


Nine additional studies are here reported: 


23. A family in Hartford. 173. A private boarding house. 
24: X laborer’s family in Hartford. | 174. A farmer’s family (same as No. 
156. A farmer’s family (same as No. | 25 
120). | 175. A man in the Adirondacks under 
157. A farmer’s family (same as No. | treatment for consumption. 
121); 176. A camping party in Maine. 
164. The family of the Station Agri- | 
culturist. | 


Dietary studies 23 and 24 were conducted in Hartford by 
Miss Helen M. Hall, under the joint auspices of the Hartford 
School of Sociology and the Station. Nos. I 56 and 157 were 


(1) Report of this Station, 1891, pp. 90-106. __ (2) Lbzd, 1892, pp. 135-162. (3) Lbzd, 1893, 
p. 174-197. (4) Lbéd, 1894, pp. 174-204. (5) Ibid, 1895, PP. 129-174. 
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made by Prof. J. L. Bridge, who was at the time connected 
with the Connecticut Literary Institute, Suffield. They were, 
like Nos. 45, 46, 120, and 121, conducted by the Station in 
cooperation with the U. S. Department of Agriculture. -No. 
164 was made by Prof. C. S. Phelps at Storrs. No. 173 was 
made by Dr. Almah J. Frisby, who was at the time studying 
in the chemical laboratory of Wesleyan University. No. 174 
was, like No. 27, conducted by Mr. A. W. Smith in Vermont. 
The data for No. 75 were kindly furnished by the subject, who 
made the study of his own dietary. Those of No. 176 are due 
to the courtesy of a member of the party. 

The analyses, where such seemed called for and feasible, 
were made mostly by Mr. H. M. Burr. 


PURPOSE OF THE INVESTIGATIONS. 


The purpose of these investigations is to accumulate definite 
information regarding the practice of people of different classes, 
and in different places, in respect to the purchase and use of 
their food. Such information, coupled with that which comes 
from the study of the composition, digestibility, and nutritive 
value of our common food materials on the one hand, and on 
the other with that which comes from research into the laws 
of nutrition, including such as is illustrated by the metabolism 
experiments reported in the previous pages, will gradually: 
make it possible to judge as to what are the more common 
dietary errors and how improvements may be made to the 
advantage of health, purse, and home life. To this end, how- 
ever, much painstaking research will be necessary. It is very 
fortunate that a considerable number of experiment stations, 
colleges, and other organizations, as well as private individuals, 
in different parts of the country, are cooperating in such inqui- 
ries under the leadership of the U. S. Department of Agricul- 
ture, so that the much needed knowledge is accumulating much 
more rapidly than would otherwise be possible. 


PLAN OF THE INVESTIGATIONS. 


The general plan of the investigations includes the determi- 
nation of the amounts and nutritive value of the food consumed 
by a given number of persons during a certain number of days, 
and the deducing of the quantities per man per day. 
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In the study of the dietary of a family, boarding house, or 
boarding club, account is taken of the amounts, composition, and 
cost of all food materials of nutritive value in the house at the 
beginning, purchased during, and remaining at the end of the 
experiment, and of all the kitchen and table wastes. The acces- 
sories, as baking powder, essences, salt, condiments, tea, coffee, 
etc., though of interest from a pecuniary standpoint, are of 
practically no value as regards nutriments. The amounts of 
different food materials on hand at the beginning and received 
during the experiment are added; from this sum the amounts 
remaining at the end are subtracted. This gives the amount 
of each material actually used. From the amount thus obtained 
and the composition of each material, as shown by analysis, the 
amounts of the nutritive ingredients are estimated. From 
these are subtracted the amounts of nutrients in the waste, and 
thus the amounts of the nutrients actually eaten are learned. 
Account is kept of the meals taken by the different members 
of the family, and by visitors. The number of meals for one 
man, to which the total number of actual meals taken is eqttiv- 
alent, is estimated upon the basis of the potential energy, as 
has been done in previous investigations here. These energy 
equivalents, which are stated below, are somewhat arbitrary, 
and will require revision in the light of accumulating inquiry. 


Estimated relative quantities of potential energy in nutrients 
veqguired by persons of different classes. 


Man at moderate work, - - - - mS : “ 3 ie 
Woman at moderate work, - . 1 - : = 2 
Boy between 14 and 16, inclusive, - - 2 “ < : 
Girl between 14 and 16, inclusive, - - : 2 i 2 
Child between 10 and 13, inclusive, : - : : Z 
Child between 6 and g, inclusive, - : - . ats 
Child between 2 and 5, inclusive, - : = 3 P : 
Child under 2, - - . = 2 2 : me ee 


Ohm AU wd 


Two of the studies, Nos. 175 and 176, were somewhat excep- 
tional, as is explained in the special descriptions of the indt- 
vidual studies beyond. 

In each study the data regarding the kinds and amounts of 
food materials, the persons by whom they were eaten, and the 
number of days and meals, were sent to the Station at Middle- 
town, where the necessary computations were made. The 
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analyses were made from specimens of the food materials col- 
lected with the statistical data of the studies, and sent with 
them to the Station. The computations have been under the 
supervision of Mr. A. P. Bryant. 


EXPLANATION OF TABLES. 


The following statements and tables contain the main results 
of the inquiries, including all the data used in the computa- 
tions. In order to reduce the bulk of the statistics, however, 
some of the details given in previous reports are omitted here. 
The statistics of each dietary include the kinds of food materials 
used, with the weight and cost of each. 


Composition of food materials.—’'The figures used for the 
percentages of nutrients in each food material may be found 
in tables 17 and 60. The reference number opposite each 
material is that for the corresponding material in table Dye 
Those marked ‘‘a’’,in the former table represent results of 
analyses of samples of the food materials actually used in the 
respective dietaries. The number of materials of which such 
special analyses were made was, however, small. For the rest 
of the food materials, which make up the large majority of the 
whole, the composition was assumed from the averages given 
for like food materials in Bulletin 28 of the Office of Experi- 
ment Stations of the Department of Agriculture.* The figures 


in that Bulletin represent the results of a compilation of 


analyses made previous to January 1, 1895, and were used for 
computing the nutrients in the dietaries published in the last 
(1895) as well as the present report of this Station. ‘Table 60 
beyond gives the composition of a number of food materials 
as revised to January 1, 1896. Some of the figures of this 
latter table are the same as those for 1895 in the Bulletin just 
named, others have been slightly altered. The materials, of 
which the figures for composition actually employed for the 
computations differ from those in table 60, are included in 
table 17, and are indicated by the reference numbers, which 
are the same as those in the lists with the several dietaries. 
Those materials for which the figures for composition used in the 
computations are the same as in table 60 are indicated in the 
lists by the letter ‘‘M’’ in the column of reference numbers. 





** ee the Composition of American Food Materials, by W. O. Atwater and C. D. 
Woods. 
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Detatls of individual dietaries.—In the introductory statement 
for each dietary the number of meals for one man equivalent 
to those actually eaten are computed by use of the figures for 
relative amounts of potential energy in nutrients as above 
explained. In dietary No. 23, for instance, the man had 42 
meals during the whole period of two weeks. The three 
women had together 105 meals. Assuming that a woman eats 
0.8 as much as a man, these 105 meals of women would be 
equivalent to 84 meals for a man. In like manner thes42 
meals for the child are estimated as equivalent to 17 meals for 
aman. ‘he sum, 143 meals fora man, would be equivalent to 
three meals per day for 48 days. 

The first table for each dietary shows the actual weights and 
costs of the different food materials for the whole period of the 
study in each case. 

The second table in each dietary shows the weights of the 
food materials, the weights of the nutritive ingredients, and 
the costs, as calculated for one man for ten days. It shows 
also the percentages which the different kinds of food and the 
nutrients contained in it make of the total food and the total 
nutrients. 

For the sake of simplicity and convenience, the computed 
quantities for one man for ten days are given, instead of the 
actual quantities consumed, or the quantities for one man for 
-one day. If the quantities were stated as actually consumed in 
the period of each dietary, it would not be easy to compare the 
quantities in different dietaries. By putting the quantities for 
all of the dietaries on one basis, however, the relative amounts 
of the different kinds of food materials, as meats, milk, bread 
and the like in the different dietaries are readily compared. If 
the quantities were given per man per day, some would be too 
small for printing without the use of an inconvenient number 
of decimal places. ‘To learn the amounts per man per day it is 
necessary only to remove the decimal point one place to the left. 

The third table in each dietary gives the nutrients and energ 
in the total food purchased during the actual period of the expe- 
riment, the proportions in the table and kitchen wastes, and 
those in the food actually eaten. 

In estimating the fuel values of the nutritive ingredients, 
the protein and carbohydrates are assumed to contain 4.1 and 
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the fats 9.3 calories of potential energy per gram. ‘These cor- 
respond to 1,860 calories for one pound of protein or carbohy- 
drates and 4,220 calories for one pound of fats. 


Waste.—The words ‘‘refuse’’ and ‘‘ waste”’ are used some- 
what indiscriminately. In general, refuse in animal food repre- 
sents inedible material, although bone, tendon, etc., which are 
classed as refuse, may be utilized for soup. The refuse of veg- 
etable foods, such as parings, seeds, etc., represent not only 
inedible material, but also more or less of edible material. The 
waste includes the edible portion of the food, as pieces of meat, 
bread, etc., which might be saved, but is actually thrown away 
with the refuse. 

In the studies here described the refuse and waste were sep- 
arated so far as practicable and the latter was collected, dried, 
and analyzed. No attempt has been made in these investiga- 
tions until recently to keep the animal wastes and the vegetable 
wastes separate, but rough calculations have been made of the 
nutrients of the waste which came from the animal and of 
those which came from the vegetable food.* Inasmuch, how- 
ever, as different families do not waste the same kinds of food 
in the same proportions, the plan has been adopted of separ- 
ating the animal and vegetable wastes wherever. practicable. 

But while this latter method gives the actual amount of 
animal and vegetable protein and carbohydrates wasted, it- 
does not necessarily show the relative amounts of animal and 
vegetable fat wasted, because of the use of animal fats such as 
those in suet, lard, butter, and milk, in the cooking of vege- 
table foods such as bread, cake, etc. It follows, therefore, 
that the vegetable waste may contain a considerable amount of 
animal fat. This was shown in an exaggerated form in dietary 
studies recently made at the Maine State Colleget where, in 
one instance, the fat in the vegetable waste, largely bread and 
pastry, was larger than the actual amount of fat in the raw 
material of the vegetable foods consumed. No attempt is here 
made to distinguish between animal and vegetable fat in the 
wastes, 


* See Report of this Station, 1895, PP. 131, 132. 
+ Bulletin No. 37, Office of Experiment Stations, U. S. Department of Agriculture. 
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TABLE 17. 


ag 


Percentages of nutrients in food materials as used tn the calcula- 
tions of the following dietartes. 











is 8 reat 8 
Foop MATERIALS. | x: | s S es 
ja | Ce] 
EDIBLE Portion.!| | % | % | % 
Beef. | 
Round, MM) TAT. 711355). 
Rump, - so OE ee 8/25.6| — 
Corned, 2 - | 3|15.6|25.4| — 
Veal. ae | 
Rabe See 4,120, 2|.6,2| — 
Lamb, | | | | 
eee et 51185511605) — 
oin, = : - | 6|17.6/28.3) — 
Shoulder, - =n ey, |t7.5|29.7| = 
Mutton. | | | 
Loin, - : ree, Se 9133 2k 
Pork. he | / 
Bacon, - Ba O410.0107 22)n— 
Eggs, - : - | 10 |14.9|/10.6) = | 
Carrots, - Ural rhe Vane O. 2) 
Celery, - Plo WelicA Loe ly eae) 
Onions, - PETS tates) < 246.0) 
Parsnips, Seeded 7) -2OMGsT 
Peas, green, - |15/ 4.4; .5|16.1) 
Potatoes, - CML Ose Lie Its. 0 
Sweet Potatoes, - |17) 1.8) .7|27.1| 
Squash, - eaeke a teO) OO 4! 
FLagiins eubiquhd eal & 22te87| 
Apples, - Seo wieS ie 2 gE . 6! 
Bananas, - SW 2h Pits2i sles. Gi 
Grapes, - SE eo ee aa tag nu Rad 
Prunes, - Ses Wee a BOS 7.0) 
Raisins, - ~ |}24| 2.5) 4.7|74-7| 
Cherries;) = 20) AY, ag Oh Oo Pe 
As PURCHASED.” | | | 
Beef. | | 
Brisket, - =) 20112 .5131 9). — 
Round, - eT HO, sho, 0} = 
Round (a), - = $28 119.8! 3.7) — 
Round (a), - anzg W1G.0)10, 1) — 
Round, 2d cut, - | 30|14.0) 5.8) — 
Rump, P3153 .2120.2) — 
Shoulder eal (a), P4258: 4112. 6)-— | 
Tripe, - - | 33 |10.9] 1.2| — | 
Corned, - - | 34 |14.4/22.0) — 
Bologna, - oop 35 (Logo to. 2) 0 
Veal, | | 
Ree sie 46 11953) 4.0) —~ | 
Shoulder, - = 137 116.6, 8.7) — | 



































Foop MATERIALS. 


As PURCHASED.? 
Lamb, 


| Leg, - - - 
| Side, - = - 


Mutton. 


| Leg, - - - 
| Loin, - - = 


Loin. fe); = - 
Loin (ajy = = 


| Neck, - s - 
| Pluck;4 - - 


Pork. 


|| Loin (a), - < 
|| Bacon, - : 


ie Pat,osalt: e- - 
|| Sausage, - - 











| Chicken, 


Sausage (a), - 


Poultry. 
canned, 


Fish. 


Smelts, - - 
Salmon, canned, 


| Eggs, - - 


Cheese, - - 


Cheese, Dutch, - 
| Cheese, Neufchatel 
| Milk (a), - * 
| Milk fa), - s 
| Milk,* - “ 
Skim milk (a), - 


Buckwheat, prep’d, 


Buckwheat flour, 
Corn meal, - . 
Bread flour, z 


|| Bread flour (a), - | 
| Bread flour (a), 
|| Bread flour (a/, 
|| Pastry flour (a), - | 
| Pastry flour (a), - 
|| Pastry flour (a, - | 
Graham flour, - 
_Crushed wheat, 
| Rolled oats, - 
'||Oatmeal, - - | 
| Oatmeal (4), - | 
| Rice, - a 

Mellin’s ae - 














Ss ¢ 

ehites rc 
Oo 2 oa 
ca Ay 

% | % 

38 |15.2/13.6 
39 |14.2/18.7 
40 '14.9)14.9 
ATi13,2\2810 
42 |15.5|21.1 
43 |13.9/30.5 
a4 \iUeT ie 
45/21. Ooms 
46 !14.4/25.38) 
APO 210 1a 
AS 1 s8i 87-02 
49 |12.8/45.4 
50 17.0|55.0 
51 20.5|/30.0 
E210, Oj aleo 
53 |20.7 10.8 
54 13.1) 9.5 
55 26.0/34.2 
56 |37.1/17.7 
57 |18.7/27.4 
58 | 3.4) 5.2 
59| 3.7) 4.8 
60} 3.3) 5.0 
OL 3.7) 1.7 
62°) -7.0) -Le2 
O37 Oct be Te 0) 
64| 8.9) 2.2 
Goylis or To! 
66 |13.2| 1.2! 
| 67 110.1) 1.3 
P63 113.3) © 0) 
69 |10.4| I.0| 
b7O\TO: Olio a4! 
Drath cet eno 
72 |13.7| 2.2| 
| 73 |t1.9| 1.7] 
74 |16.9| 72) 
75 |15.6| 7.3] 
FO ToaOve7 v0) 
The ae 
TS \TT2 Or 3 


Carbo- 


| 


Ss 


ol 


Swans | S| 


Las 
\75.- 
74. 
75- 
acre 
TSS 
75- 


707 
mia 
74. 
66 
68 
65. 
79: 
80. 





| hydrates. 


ClO mGr Us S09 OH OO OHO OoHOM 


1e>) 
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TABLE 17.—( Continued. ) 
































ee wal aa 2 | a |e 
Foop Materiats. | .; a & ~& || Foop Marsriats. | .: = as es 
o oT || o rw vu 
a cae / me | A ae 
AS PURCHASED. | % % | & | AS PURCHASED. / % G % 
Rye meal, - S879) 7. Ii" =. 0,70. Sh opinaciy ame -, |1O4{ (2) Dh ee legea 
Macaroni, - ~| | SO/LT. 7/58 6172, Get urnips, eee ~ 105)  T2OR ee tinenas 
Bread, white, - | 8I| 9.5} 1.21/52 8 || Tomatoes, canned, 106) 1.2} .2) 4.0 
Bread, graham, - | 82 8.5) 1.855.9 Apples, _ - - |107|; 34) o° spree 
Crackers, milk, - | 83 9.3/13.1)69.2|| Apples, dried, - |108) 1.4 3.015 7,0 
Crackers, soda, - | 84/10.3) 9.4 70.5. Bananas, - ~ {109} |, 7) auras 
Crackers, pilot bread 85/12.4) 4.4/74.2)| Blackberries, ~ |I1O0| >>, Sho enon 
Cake, - 7 = SO Olt a 8.163.4 Crabapples,canned 111.3} 2.434.4 
Cake, fruit, - - | 87} 6.6/10.5/64.7/| Currants, dried, - II2| 1.2) 3.0/65.7 
Cake, chocolate, - | 88) 5.7] 9.4/66.1)| Jelly, - P - 1713) 1.1) gee 
Ginger bread, - | 89] 5.4| 9.5/64.7|| Pineapples,canned, 114. .4; .7 36.4 
Sugar cookies, - | go| 6.8) 8.9/75.3, Oranges, - ~ 1T15) (Gi ares 
Doughnuts, - - | 91] 6.6)/21.9/52.6|| Prunes, dried, - /116| 2.0 .7/58.6 
Mince pie, - - | 92) 6.5/12.1/37.2]| Raspberries, - II7 1.0/ — 1£2.6 
Molasses, - - | 93) 2.71 — |68.0l] Cocoanut, shredded 118 6.3 57.4/31.5 
Honey, © =) - |.94) — | -“W75-a) 
Corn starch, - | 95 — | — |98.0]| veal | 
Chocolate, - - | 96}12.5|47.1/26.8|| Waste (a), - - I19 20.3)/29.0 46.2 
| | | || Waste (a), - - |120/15.5/40.4/39.9 
Asparagus, - > 07) 1.8] 2) 42S Waste aa s.- - |121/20.4/51.1| 9.0 
Cabbage, - “4 982. 8)> 3).4. ol) Waste 7a )y- - |122/13, 1/12. 9169.6 
Carrots, : 19912 29). 13127 al) Waste yay), = - /123/19.7/36.6/35.6 
Onions, - - |100/ 1.5) .4/ 8.9|| Waste (a, - - |124/33.0/58.0]) — 
Peas, dried, - ~ATOI24 51) 221 61.5/| Waste (a), - - {125} — |Ioo,| — 
Potatoes, - - /102) 1.8) .1|/15.3// Waste (a/,- —- 126) 7.3/12.6/74.0 
Potato chips, - [103 7.6)/35.5/50.6/| Accumulated fat, |127) — |g5.0/ — 























' The term “edible portion” is applied to the food materials from which refuse, 7. ¢., 


bone of meat, shells of eggs, skins of potatoes, etc., had been removed when the 


weights as given in the detailed accounts of the dietaries beyond were made. 


2 The term ‘‘as purchased” indicates that the materials jin this category were in 
the condition in which they were bought in the markets, whether they contained 
refuse, as the meats, or were free from refuse, as milk or bread. 


8 The “pluck’’ consists of parts of the heart, lungs, and liver. The composition is 
calculated from the probable proportion of each. 


+The fat was estimated from the amount of milk required to make a pound of 
butter. 


a The analyses marked “a” were made in connection with the dietaries in which 
they are used. 
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| Denese Oi PARY,OF A FAMILY IN HARTFORD, CONN. 
| 
| 


The study continued two weeks in the winter of 1894-95. The members of 


the family and number of meals taken were as follows: 


| Man, about 70 years old, - - - - - - 42 meals. 
| Three women, between 35 and 50 years old (105 x .8), 

: equivalent to - - - - - - - - 84 meals. 
: Girl, 5 years old (42 x .4), equivalent to - ° : =) (17 meals: 
Total number of meals taken equivalent to - - 143 meals. 


Equivalent to one man 48 days. : 


Remarks.—The man had no employment. ‘‘One woman did dressmaking 
when she could obtain it to do; another went out washing: the third was a 
partial invalid.” During the two weeks’ investigation twenty-one meals were 
taken by the women away from home. These are not included in the number 
above. 


TABLE 18. 
Cost and weights of food materials used in dietary No, 23. 
























































S WEIGHT | | 7, WEIGHT. 
o ° : o 
Foop MATERIALS. q k: a a Foop MATERIALS. a 2 a x 
5 4 ae a ig o * O jeg v 
~ te le, m4 ates Ve, 
Beef. $ | $ 
Round steak (a), |28|.14| I | 3.0|| Eggs, - - - | 54] .05/—| 5.0 
Round steak (a), | 29} .00) — | 7.5.1) Butter, - rhe VL Meenas 201" 7, O 
Short steak (loin), | M| .13| — | 10.0] Milk, - - ah envG Ly GO 20 ime 
Tripe, - = - | 33| .05| I | — || Condensed milk,- | MJ .05;/—]| 9.5 
Corned, - - | 34] .24 — aaa pre- ' 
Veal limeepared (a2, ~ 2NUcI2) 21. eg 00 
; Flour (a), - aoe OC pee 731032105. O 
Neck, - - S30 TO bly hI2.0 mane ) ‘4 Er etas  caolh germs 
‘Mutton, — Crackers, milk, - | 83] .14| 1I| 6.0 
Chops (a), - - |42| .06| — | 8.0|| Cake, - - =) ) 86.) 10) 355 
Chops (2), - 43 | .0g| — | I2.0]| Mince pie, - tie 2). 30) 9s 52.0 
Chops (avg. 42. 43), —/ .12| 1 | — || Sugar, granulated, | M/| .64/14|12-5 
Neck, - - Aaa 2-070 Cabbage, < =o. O81} 2205,) 1.) 1850 
Onions, - = LOW 20S tinea ae 
Pork. || Potatoes, - A elO2 SOc ca 
Sausage (a), aeRO, ESiie Et (e105 Ree : aa rehder mee 
eee ee | M | 08s) — 1 13.0.1 7 PPe a teks as 
a ‘| Oranges, - me ES Aone k Si ke) ces 
fish. | 
Cod, boneless, - |M/.03| —| 4.5 | Waste (a), - - | I19| — |—|] 2.5 
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TABLE 19. 


Weights and percentages of food materials and nutritive ing redt- 
ents used in dietary of a family in Hartford. 
Calculated for one man ro days. 








WEIGHTS IN Pounps. WEIGHTS IN GRAMS. 





































































































o 
= 
wn n = G 
Foop MaTERIALS. as 3 s 8 2 3 3 8 : 8 2 
Ree CE On | Oe aa 

Animal Food. Lbs. | Lbs. | Lbs. | Lbs. |Grams Grams|Grams| $ Cal; 
Beef, - - - Tz3)>. 420) STB — 92 82 | — STAs 
Vieal ys. - abe he Gin is OR 3 O21 as 22 Sof Oa 
Mutton, - : ou oT OS ST ay RT a 59 97 |— .08) — 
Pork,» - Sal ONG y es OSt ae Skee 24 | 157 | — 05) — 
Poultry, - mL ee fame ol RNS Toate Ol cart et —- 
Hishete., - -| — Ol; — | — Ol ied ie 
Eggs, - . - tl. OT}. .or}—— 4 3 | —l 7On es 
Butter, - - - 5} — 42) >) Loh 1Q0.<) = eee 
Cheese, - : aly eee Ye he a 
Milk, = - = | 5.5]. 19) ) 22) .34| 86 4102 |) 553d ee 

Total animal food, ba O. 3) =. Of 4 -41)...5 34) 203 16,039 sales | .78| . 7760 

Vegetable Food. | 
Corn meal, rye flour, | 

& buckwheat flour, | .2)  .02} — a1G 9 I 84; .03;) — 
Wheat flours, - - 6.8} .89]/ .08] 5.08] 406 37 | 2306} .15| — 
Oatmeal, rice, and | | — 

wheat preparations, — | — | — | — — |e — 
Bread, crackers, etc., B20, 20) “STOP TsO 117 72 | 682.) 2 ty aeeee 
Sugar and starches, 3.1) — | — | 3.08) — —|.13974 (4a 

Total cereals, etc., | 13.1 1.17|~.24).9.85| 5924. 110: | 44604 0eee aes 
Beans and peas, - | Oe —e 
Potatoes, - ges 20) OOM MR OT| — abl moat 2 | 347) .06) — 
Other vegetables, - .6| OL 04/4 I ‘iy .02) — 

Total vegetables, - We: Boas GP OL) SeSOH 4s 3; 364) 08) — 
Pritsee = - = 2. Ob Ol, Olle wet 4 FS ENS 2 .06} — 

Total vege’ble food, 20.7| 1.28} .26/10.89 581 | 117 | 4944| .66) 23740 

Total food, - - | 30.0) 1.92) 1.67/11.23) 874 | 756 | 5096/| 1.44] 31500 
Percentages total food.| % % % % q % : 
Beef, veal, & mutton, | 8.9] 19.8 24.8} — | — | — | — | 35.8} — : 
FOrkia \. - 3 1.6) 2.8) 20.7] — i — 3.4, — 
Poultry, - - -| — — — — — — ~- — — 
Fish, etc., - - 2 Fy Ae gees men Sh Hoe oO (gl ex gb 4) — 
FS ee SRIRAM. Gio be eee The ae 
Butter, - - - I Zi 25s Ty << — | =e Oso ees 
Cheese, - et es en — — — — — | 
Milk} 2% - eH UTS TAN YG 812138 ees ele — — mei BE foe: RS oe 

Total animal food, | 31.0) 33.5, 84.5) 3.0, — | — | — | 54.3 24.6 
Cereals, sugars, etc., | 43.6) 60.9) 14.6] 87.7, — _- —— | °3G5 Tiere 
Vegetables, ur 1805) 85,2! 4) 7.1) — — — 5.5, — 
Fruits. - - 6.9 .4| Bos 2), ta — — Ava! Gas . 

Total vege'ble tood,| 69" 0} 66.4) 16.5) <o7. 0)" — ae mea Kw are 5 

Total food, - = |L00 .0;200,0'100 .0:100).0}.—) <2 (iia 100.0 .. 
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TABLE 20. 


eaten tn dtetary of a family in Hartford, Conn. 





Foop MATERIALS. 


for Family, 14 Days. 


Food purchased, 


Total waste, 


Total food actually eaten, 


Animal, 


Vegetable, 


Total, 


Per Man per Day. 


Food purchased, 


Total waste, 


ieee 


Vegetable, 


i botal; 


Total food actually eaten, 


Percentages of Total Food Purchased, 


Food purchased, 


~ Total waste, 


- 


Animal, 


Vegetable, 


Vaan otal: 


Total food actually eaten, 
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Nutrients and potential energy tn food purchased, rejected, and 




































































NUTRIENTS, a 

= 

a . = 

io) (| i a 

le ee ah gis ea MS MR 

Seite Spats 
$ Grams. Grams.| Grams. | Calories. 
3.74 | 1405 | 3067 732 | 37280 
5.154) 2757 561 | 23736 | 113960 
6.89 4192 | 3628 | 24468 | 151240 
— | 14 20 33 380 
6.89 | 4178 | 3608 | 24435 | 150860 
.08 29 64 15 775 
.06 58 12 495 2380 
14 87 76 510 3155 
— — I I 15 
14 87 75 509 3140 

to % % ho % 
54.3} 33-5 | 84.5 3.0 24.6 
45.7) 0005} "15.5 97.0. 75-4 
100.0 100.0 |100.0 100.0 100.0 
— Ag 6 ele 2 
100.0 99.7 | 99-4 99.9 99.8 


\ oe NITE ————E—————————————————— ara 
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No, 24. DIETARY OF A LABORER’S FAMILY, IN HARTFORD, 
CONNEC TICU 4 
The study began December, 1894, and continued 14 days. _ The members of 
the family and number of meals taken were as follows: 


Man, = 2 c : E : - . = - 42 meals, 
Woman, (42 x .8) equivalent to - ~ - = - 34 meals. 
Girl, 11 years old (42 x .6) equivalent to - 2 - - 25 meals, 
Girl, 6 years old (42 x .5), equivalent to - - - - 21 meals. 
Girl 4 years old (42 x .4), equivalent to - - -° +» -17 meals, 
Boy, 2% years old (42 x .4), equivalent to = - -- “1 7omealss 
Infant, equivalent to - - - - - - - 12 meals. 

Total number of meals taken equivalent to - - 168 meals. 


Equivalent to one man 56 days. 


Remarks.—The father was a laborer in a coal yard, earning $8.00 per week 
when working full time. During the two weeks of this study he earned $8.83. 
The mother worked in the laundry when possible. 

‘‘ They pay $8.00 per month rent for four rooms and a small shed room on 
the second floor. The rooms are decently furnished, and, being small, three of 
the rooms are warmed in winter by the cook stove. The mother before mar- 
riage worked as a servant, and understands cooking.”’ 

“The children are kept in the house nearly all the time, as the mother said 
they learned ‘bad ways’ if they played with the other children,” 

The father is an Irish-American, the mother was born in England. 


TABLE 21. 


Cost and weights of food materials in dietary of a laborer’s family 
| an Llartford, Conn. 





a 





























° fe) 
Foop MaterIALs. s 8 Weight. || Foop MareEriaLs. o 2 | Weight. 
3 Be 
Beef. $ | Lbs. | Ozs. | g$ | Lbs. | Ozs. 
Neck, - - -|M|.20]} 2] — || Eggs, = | 541,25 s/n eee 
Shoulder steak (a),| 32| .55 | 5 | — Butter, : - | M/.65.)- 24) — 
Bologna sausage, - | 35|.10|] 1 | — ‘| Milk, - - | Mi).98 | ssn ao 
Suet, - - - |M/ .0o2| — | 6.0]| Flour (a), - | 67] .50 | 22 )10.0 
Veal, Rice,= 5 - > =s}o 77) 223 metee 
Shoulder, - - |37|.32| 4 | — || Rolled oats(a),- | 76) .14| 2] 5.5 
Nitin, Bread, - = -:| ST)7. 85S sie oco 
Neck, - ‘ Cai aa oS pple eee and 
Breast, Hs Suliyil Be'e re ce oug pe ={9O}| 522 IY}. 9.5 
Pluck, - é las | eee ee ee granulated,| M] .55 |} rr | — 
eans, dried, -/} M}.20| 3 |13.5 
Pork. || Onions, - - |100] .07 | 6 | 12.0 
Spare rib(a), -|46|.43| 5 | — | Potatoes, -  - |102| .66 | 51 |12.0 
Ham, edible por- || Raisins é ~ | 24). 1Ouh) Tae 
tion (a), - SEN OT GS aire 
alt tats er ASB Aas LO Waste (a), - |120/ — | — | 8.s 
Fish. 
(Codteal tian. off MEA S30 Ne 284s 





et EE EE eee 
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Weights and percentages of food materials and nutritive ingredi- 
ents used tn dietary of a laborers family in Hartford. 
Calculated for one man ro days. 





























WEIGHTS IN Pounps. Wrs. 1N GRAMS. 
Foop MatTeErIALs. 323 4 3 3 é a : 3 g 
es=| 3 | & | ks | 3] | as 
Bec Seerdaca-eee a 
. eT Food. Lbs, | Lbs. | Lbs. | Lbs, | Gr. | Gr. | Gr 
| eee ek | 25. | 2d) — |) 113) 110) — 
| Weal, - - - - eke le 00: 54, 28) — 
| Mutton, - - ee oe seep ose OS eTOd e171, | L4 
Pork, - - - P| pile Be ee Fe) 85 | — | 129] 384; — 
Poultry, . -|— — ate ie ee 
Fish, etc., - - - 5 {| .g}| — | — 390} m1 — 
Eggs, - - - - ioe 03 1) 702), — 14; 10, — 
Butter, - - - - 4{|— 29| — | — | 133 — 
Cheese, - - - See tn cer | 
Milk and cream, - Si Segenwrel 7 b 22 1 230i. F5iy, GO 136 
Total animal food, - | 13.2/ 1.30] 2.06] .33 sor 936; 150 
Vegetable Food. 
Corn meal, rye meal, and 
buckwheat flour, - -| — — a — | — | — | — 
Wheat flours, - sei T Wetton .O5, (3:01 (185i 2411408 
Oatmeal, rice, and wheat | 
preparations, - ~ SQ) eile \)50¢1468 7 653) 716) 308 
ireads crackers, €fc.,. + -) 2.60| .24 |). .05 11.45 | Tro} 24) 658 
Sugars and starches, -| 2.0) — 4 — 1.96 | — | — | 891 
Total cereals and sugars,| 9.6| .77| .14| 7.20] 348 64/3265 
Beans and peas, - . TAL else Olweneal te = OG 6| 184 
Potatoes, - - PauG2 |) aL le Ob LAE 76 4| 641 
Other vegetables, - eet 27 O28!) a OL eyebigpeatS) 2°40 
Total vegetables, erry poe s44 091.934 153), 121.874 
merit, = - - - 2; — fOf ets 2 Ale O1 
Total vegetable food, - | 20.9| 1.11 | .18] 9.26) 503) 80.4200 
Total food, - - | 34.1 | 2.41 |. 2.24 | 9.59 |1094|1016)4350 
Percentages of Total Food.| % % % q G % q 
Beef, veal, and mutton, - | 13.3 | 30.3 | 30.4 3;/—|)— | — 
Pork, - - s -| 6.3/11.8|37.9) — |—|]—  — 
Poultry, - - OU ets BEA Micheal ee ad leoeaecel ce aca 
Hish, etc,,- - ~ * POR Oe wale, De ieee: mm 
Eggs, - - - - Panes aloe eet pee 
Butter, - - - ete One er LS heter ee [ome | 
Cheese, - . 5 «A 1) el BN ee ee eee er eee 
Miilk = - - Peel GeO me yo kala Oe fal MES ae lee hig. jl 
: Total animal food, - 54.0| 92.2| 3.5| —|—|— 


38.8 

































































Cost. 





Cts. 


.16 
.06 


a3 
Bey, 


(eh 
.04 
ae 


7 


| I.00 


1209 
leo OGG 
tare LOS 
+1Ou 
44 


04 
ei 
OI 


Bre 
02 


.63 
1.63 
% 


21.0 
TOc7,| 


IN 
me OO) 


| 


10.7 








Fuel Value. 


| 


Cal 


20020 


31760 
% 





61.6 
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TABLE 22.—( Continued. ) 











a 
a 
| 
vi 
Z 
?) 
a 
> 
= 
n 


WEIGHTS IN PounpDs. 


















































| 3 
/ he ie 
| : a | a om G3 
Foop MATERIALS. j= 29 a go a | 52 a > 
sus 8 a Pei) 3-42 cr 
ofc] 2 | = (68/2 |= | 
Ve | 
es ee eee ES at 5o [epee A 
Percentages of Total Food.) ys. | Lbs. | Lbs. | Lbs. | Gr. | Gr.) GriiCeraea 
( Continued.) / | 
Cereals, sugars, etc., - | 28.1 | 31.8 | 6.2 | 75.0] — | ——) =e 
Vegetables, - - - | 32.6.) 14.0]. 1.2]. 20.1.) — | =) eee 
Fruits, - ~ - me er 2 4) I4}—)—}]— I.Ij| — 
- so 
Total vegetable food, - | 61.2 46.0 7.8 | 96.5 | — | — | — | 38.4] 63.0 
| ) 
Total food, e = |200.0 100.0 I00.0|/100.0| — | — | — |100.0}| 100.0 
LABLE 23° 


Nutrients and potential energy in food purchased, rejected and 
eaten in dietary of a laborers family in 
Flartford, Conn. 








NUTRIENTS. 













































































g 
Foop MATERIALS. 2 ¢ ag > 
s @ ce cs 
° ice So =] 
a pees = 
For Family, I4 Days. Grams. | Grams. | Grams. | Calories. 
( Animal, - 5.62 | 3312 | 5239 | 1076] 66710 
Rend porehesed: . Vegetable, - | 3.51 | 2816 | 444 23519 | I12I00 
| i. 
| Total, - 9.13 | 6128 | 5683 | 24595 | 178810 
Waste, ea ee Ola ee ee 38 99 | 98 1480 
Food actually eaten, - - Total, - | 9.13 | 6090 | 5584 | 24497| 177330 
Per Man per Day. | 
Paste: - .10 59 94 | 15 tigen 
Food purchased, Vegetable, - .06 50 8 | 420 2000 
oe Sh elig hae: .16 109 102 | 43 I 
Waste, - . - - Total - — I 2 : : & 
Food actually eaten, - = Total; ..< 16 108 TOO! aaa 3165 
Percentages of Total Food Purchased. % % % % % 
Antal, - | 61.6 | 54.0 | 92.2 | es 77:3 
Fandssurchasst 7 Vegetable, - | 38.4 | 46.0 7-8 96.5 62.7 
_ Total, -  100.0/ 100.0 |100.0 | 100.0| — 100.0 
Waste, : - - mie Lita ly te —_ 6 oy 4 8 
Food actually eaten, - - Total, - 100.0} 99.4 | 98.3 | 99.6 99.2 














ENO. 150. 


Woman, about 60 years old (30 x .8), equivalent to - - 
Woman, about 30 years old (30x .8), equivalent to - - 


STUDIES OF DIETARIES. 


(Same Famiry as Dietary No, 120.) 
The study began April 17, 1896, and continued 10 days. The members of 
the family and number of meals taken were as follows: 
Man, about 60 years old, 
Man, 35 years old, - 
Man, 30 years old, - 


Girl, 7 years old (30x .5), equivalent to - : e 


Girl, 4 years old (30 x .4), equivalent to - - 2 


Total number of meals taken equivalent to - - 


Equivalent to one man 55 days. 


sea" 


DIETARY OF A FARMER’S FAMILY IN CONNECTICUT. 


30 meals. 
30 meals. 
30 meals. 
24 meals. 
24 meals. 
I5 meals, 
12 meals, 


165 meals. 


Remarks.—The family consisted of a man and his wife, two sons, a daughter- 


in-law, and two grand-children. 


TABLE 24. 


Weights of food materials used in dietary of a farmer's family 
zm Connecticut. 








Foop MATERIALS. 





eef,* 
Sirloin (loin), - 


Round steak, - 


Shoulder clod, - 
Rump, - - - 
Corned, - 

Dried and smoked, 


Pork. 


Smoked shoulder, - 
Fat, salt, - - | 
ard. = - - | 


Fish. 


Haddock, fresh, - 
Cod, salt, boneless, 
Mackerel, salt, - 


Eggs, - % s 
Butter, - - - 
Cheese, - - = 
Milk (a), - - 
Milk, skimmed, not 

eaten (a), - - 


Animal waste (a/, 


Reference No. 





M 


48 | 


M 


M | 
M | 


M 


54 


M | 


fs" 


58 | 
61 


121 


Vegetable waste(a/,, 122 


Flour, bread (a), - | 68 


Suww SH & 

















heCrackers, = - 
| Rice, - - - 
| Gingerbread, - 








| Sugar cookies, - | 


_ Maple syrup, -— 


| Oranges, - _ 
Quince jelly,t = - 


| Raisins, = =) 
|| Prunes, - - 


WEIGHT. | 
aus 
6 8.0 
2 —_— 
4 — 
4 — 
3 5 
— 8.5 
Sa RS. 
7 | 13-5 
2 4.5 
4 — 
7 8.5 
2 8.0 
5 1.0 
4 *10.0 
— | 10.5 
84 4.0 
Sivas 11.G 
5 6.5 
5 7-5 
8 = 


| Flour, pastry (aJ, 


Foop MATERIALS. 


Flour, entire wheat, | 
Flour, buckwheat, 
Corn meal, - = 
Rolled oats, - = 
Sugar, granulated, | 
Sugar, brown, - 
Molasses, - - 


Doughnuts, - - 


Beans, dried, - | 
Potatoes, edible 
portion, - “ea 
Parsnips, edible 
portion, - - 
Squash, canned, - 
Potato chips, - 
Spinach, - - | 
Bananas, - - 


Currants, dried, - 


Reference No. 


WEIGHT. 


Pounds. 


Ounces. 








70 
M 


63 | 
64 | 


74 
M 





M | 
93 | 


83 


(ea 


89 


go | 
gt 
M | 


M 


16 


14 


M | 


103 
104 
109 


115 | 
113 | 
EI) 
24 | 
116 | 


Oo 
Ov 


i 
ORS ee ete ee Oeics oe 


Oomo°o O Vir fe) 


(o) 


©e© anloelooreluags | » 
anaes 


fo) 





alanis ecu. | es 








* The weights of all meats are without bone. 


+ Composition assumed. 
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TABLE 25. . 
Weights and percentages of food materials and nutritive ingre- 
dients used tn dietary of a farmers family. 
Calculated for one man ro days. 








WEIGHTS IN PounDs. WEIGHTS IN GRAMS. 

















| J 
ye} ‘ 2 a = | 
Foop MarTERIALS. = 6 aa go; fs $0 = | 
| | 2/38) 2 | 2 | os on 
eS a OF, Ces Os, fe : 
| 
Animal Food. | Lbs. | Lbs. | Lbs. |. Lbs. _Grams. | Grams. | Grams. Calories | 
Beef, 2.5 = Si} 3.64)9 N67) 96 ee Ngo Mie ene = 
Veal, - - - -_—) — PS — — — | 
Mutton, - - Ss Maat earth echo ge — —— — | 
Pork, -- - - = 1 °2, 00) orl I o41e ln 633 S77 See — 
Poultry, - . Be egret ke on ae fotomar te! | Bee a ca — a —= 
Fish, etc:, - - eek OV. 2 2OlR =e, Ola =a ene 37 — — 
Eggs, set, =i) ) bee 03) eat Lee rnOQ) ae ai mea 4Ot pd 
Butter, - - - OA 69 — — 314 —- —_ 
Cheese, - - - -12) 03) OA) aaa Faia 18 T —_— | 
Milk and cream, - =i O255) 2-31) 1 7Oe tom nras 317 219) — | 
Total animal food,.- |19.23} 1.48] 4.24 oe 674 | 1922 220 | 21540 
Vegetable food. | 
Corn meal, rye meal, and 





buckwheat flour, - oO Odi yO lie meaat 19 






























































4 201 — 

Wheat flours, - =#)5 3.00] 233712 21 O25 2. 2bp arog g | 1024 | — | 

Oatmeal, rice, and wheat i | 
preparations, - - 35H. O5ie BhO2) aaaet 22 8 1I3 — 
Bread, crackers, ete.;<~ 1/1220 > | O0icg). 10), Omens G 75 357 —- 
Sugars and starches, - | 3.02; .01; — | 2.71) 3) — | 1230; — 
Total cerealsandsugars| 8.15} .56| .21| 6.45} 252 96 | 2925 | — 
Beans and peas, - - LOS pee t4- LOL aa 64 5 169 ain 
Potatoes, --> - = POST 2iapiet Ste sO4hg T, 26 ign 18 567 2 
Other vegetables, =| 2 OO} r 031 Ob Ne. 23) Sens 5 104 (aes 
Total vegetables, © - |) 9.35) .32) “200\- 1.851 9146 28 840 — 
Fruit, - - . -\°4.37| 04); .03| 93) 17 ar 421 — 

Total vegetable food, |21.87,) .92| .30) 9.23) 415 135 | 4186 | 20100 

Total food, - - |41.10} 2.40) 4.54] 9.71] 1089 | 2057 | 4406 | 41640 
Percentages Total Food.| % % % % | % 

Beef, veal, and mutton, | 8.9) 27.8| 15.5] — — — — olf 
Pork, - 3 - = GON, Fiqh a ae ee — — = 
Poultry, - - -| — | — |] — |] — = — = Lae 
Tish, etc, = - - |. 3,6). 38.3) -F.8)..— — — — — 
Eggs, - - - - 2.2| 5.0) I.g| — -- — — ee 
Butter, - - - | W210) y= 1S. lo — — ae Ae 
Cheese, - - - Se ele) 9 — ae poh ue a 
Milk, - - - - | 23.2) 12.8) 15.4) 5.0; — — — — 

Total animal food, - | 46.8) 61.9) 93.5|95.0), — — — §t.9 
Cereals, sugars, .ctc., --9) 107823 Tiida, Tie OO, eres pean ss vey 
Vegetables, - - - | 22.8) 13.4) 1.3] I9.1) — — = seit 
Fruits, ; - TW POLU eal 5/ 9.5) — -— — ae 

Total vegetable food, | 53.2) 38.1| 6.5] 95.0| — — — 48.3 

Total food, - - |100,0|/100.0|100.0| 100.0} — — — 100.0 
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# TABLE 26. 
_ Nutrients and potential energy in food purchased, rejected, and 
eaten in dietary of a farmer's family in Connecticut. 
NUTRIENTS. . 
E 
Foop MarTERIALs. a 4% S 
ao OF, fo 
For Family, ro days. Grams. | Grams. | Grams. | Calories. 
( Animal, : = 37077) (10866 | \al214 ie tieade 
Food purchased, 4 Vegetable, 4 2282 | wad 23019 | 110630 
L Total, - - | 5989 | 11307 | 24233) 229076 
Animal, - - BOL fer 221 — 
Waste, ¥ Vegetable, - 324 x ’ 1723 =) 
L Total, - -| 825} 1573] 1944 25985 
Animal, - - | 3206 ig 993 — 
* “= 
Food actually eaten, - MISES 7958 f 21296 
| } Total, - -| 5164] 9734] 22289) 203085 
| q Per Man per Day. 
hg Pe Animal>) : - 67 192 22 2150 
| Food purchased, Vegetable, - 42 14 419 2020 
bd serio 
ib 4 Total, - 109 206 441 4170 
| ae. Animal, - 2 9 ‘s 4 — 
Fi = x wba 
Ruaste. x : i Vegetable, 6 eid 31 
i | L Total =. = 15 29 35 475 
; [ Animal, - 2 58 ‘ 18 ee 
| Food actually eaten, - pee lG. ¥ 30 hse ae ee 
Total, - 94 177 406 3695 
| | _ Percentages of Total Food Purchased. % % G % 
| By: Animal, - - | 61.9 93-5 5.0 Bie7 
| Food purchased, Vegetable, ae kde Oe G5 95° os 48.3 
bid Total, -  - | 100.0} 100.0| 100.0 100.0 
_ . Aminialyes  -- 8.4 : go) — 
Re acte. J x Vegetable, = 5.4 ite yak Lt 
Total, - =i 83.0 13.9 8.0 | clas 
A iinmals = 7 ese Ae | 
. r ; . 87, i 
Food actually eaten, - pecectante aff PS aeeas 
| Total, - =) 1380,'2 86.1 92.0 | 88.7 














the fuel value of 


10 


* The animal and vegetable wastes were kept separate, but inasmuch as more or 
less animal fat used in cooking must occur in the vegetable waste, the analysis does 
not show the real amount of vegetable fat wasted. For this reason no attempt is 
made to distinguish between animal and vegetable fat in the waste, and consequently 
the animal and vegetable waste cannot be calculated. 
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No. 157. DIETARY OF A FARMER’S FAMILY IN CONNECTICUT, 
(SaME Famity as No. 121.) 
The study began May 4, 1896, and continued 10 days. The family consisted 


of a man, his wife and his two sisters. The number of meals taken were as 
follows: 





Man, about 40 years old, - : - s ~ - - 30 meals. 
Woman, about 35 years old (30 x .8), equivalent to - - 24 meals. 
Woman, about 42 years old (30 x .8), equivalent to - - 24 meals. 
Woman, about 35 years old (30 x .8), equivalent to - - 24 meals. 

Total number of meals taken equivalent to - - - 102 meals, 


Equivalent to one man 34 days. 


Remarks.—‘* The man rented his farm, and at the time of the dietary did 
about two days’ work per week. The women had quite active exercise. With 
the exception of the wife, all were below the average weight. The health of 
all was fair.” The man weighed about 135 lbs., and the women about 150, 
100, and 110 lbs., respectively. 


TABLE 27. 
Weights of food materials used in dietary of a farmer's family 


in Connecticut. 
































S WEIGHT. = WEIGHT. 
So acee 3 
Foop MATERIALS. iF 4 a Foop MATERIALS. 3, = a 
5 = r= 5 a ° 
uw = S < = = 
Gah See we Pe aa ax 
Beef.* | Eggs, : - — | 54s eee 
; | Butter,  - = &. late Ad 
Short steak (loin), re pee hs meal Na (a), : | SoH ooeueee 
Shoulder clod, - -|M 4 | — || Skim milk (a), maar tt 7 | 4.0 
Flour, pastry (a), ~- | 9g 
Veal, holledioatsa7 > = - | 74) "| aa 
| Cookies, sugar, -/ 90} xr] — 
Steak, ‘ ‘ Sais alee Crackers, milk, - - | 83 I | — 
| Sugar, granulated, = | Misa 
Lamb, Sugar, brown, - - | M | — |/12.0 
Chops, - ~ -| 6]{ 1 /14.5|| Molasses, - 7): O35 ae aaa 
Tapioca, - - - Mae 
Se Potatoes, edible por- 
tidp et 9s - =| "16 5) 32a 
Ham, - - - | M be Asparagus, - - | 97 3) jeedac 
Bacon, - - - Op he OeO) ois hu bag ee - -| M 2) — 
dard: - - -|M I). 1.0||- Cocoanut, shredded) = fimeejes 4.0 














* The weights of all meats are without bone. 
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TABLE 28. 


Weights and percentages of food materials and nutritive ingre- 
dients used in dietary of a farmer's family. 







































































Calculated for one man ro days. 
WEIGHTS IN Pounps. | WEIGHTS IN GRAMS. y 
: "a 
rah 1 on : +a > 
Foop MATERIALS. E 3 3 S - es g 5 = 
o 2 Bro © | ag Ss 
Bes eerie” posuere Won fn: aie 
Animal Food. Lbs. | Lbs; | Lbs: "| List bGro +) (Gr: ai Gee Gar 
Beef, - - - --| 2.6} .48] .4r| — | 219] 188) — | — 
Veal, oS “3 -O7-|. 03] =| 3m) 015) | 
Mutton, - = - - 5 Toy). (16. Ast i) 2, ee 
Pork, - - - - melange ten QT pa) SOA AT TA tae 
Ioultry, = - = -} —}|/—Joyof}j—}—}—] — 
Pish. etc, - = ot eS ee a eee ade ees ia 
Eggs, - - - - .Q| .Ir}| .o8| — | 52] 38) — |°-— 
Butter, - : - cay as Be 97} — | — | 440; — | — 
Cheese, - - = a en es oes — | — | — et ee 
Milk and skim milk, - - 8.6 32 Wi 35 hee GON TA Ge LS 7 1. 1371) eee 
Total animal food, - =o 15.81 1,20 | 2:98 | 41.30 | 586 | S21 137 15250 
Vegetable Food. | | 
Corn meal, rye meal, and 
buckwheat flour, - - | — — — —|— --- — 
Wheat flours, - - - 5.I | .57 | .O1 | 3.93 | 259 | 7|1784| — 
Oatmeal, rice, and wheat | | 
preparation, - - - SOs | Ole Tone SI | SSeS hielo 
Bread, crackers, etc., - - C07 4.05" nO Aaee eo 30} I94) — 
Sugars and starches, - - 1.8| — tied ee Peo Ee 808;) -— 
Total cereals and sugars, Thee OF fr oalO 6.32. 302 | 45 | 2867 eee 
Beans and peas, - -,;—f—f}f— fey) ]~— |) 
Fotatoes, - - - oe O.Ai etd POM Lets. .0 Buy 3/ 522. — 
Other vegetables, - - I.5| .o2} — .05 | 2 20) — 
Potaivecctables v=. ==.) 7.9.\~ 515 | .0L.| 1.20] -7O.) ' 5) >542) — 
Fruit, - - = : eTupe.OL 4} 404 ¥i-02)) 2 | 16 Il, — 
Total vegetable food, - | 15.8] .83]| .15 | 7.54/|:374 | 69/3420 |16200 
Lotal food, - - = eSL.Oyl 2.02 (30071 7.84. 1-900 | P9390 1 3557 |3I450 
Percentages of Total Food. % % q % % | Gp hn % 
Seer veal, and mutton, =") 11.0.) 30.7) 19.8 |; — | — | — oss oo 
Pork, - - - - 5.4] 9.8} 29.5} — _— = — — 
moultiye = = et el he | es] 
Risty,-etc., - - oS (hard Pose pt re om dd a aR eS Abana | Ne kone 
Eggs, - - - SN ite AA ly A ed ee eee eae 
Butter, - - - - | 3.7) — |31-7}/ — | — | —}]—)}— 
Cheese, - - - -/| — — — == =< = —— a 
Milk and skim milk, - Pete PIM eE SEOs be LL) 2320 = ne ey 
Total animal food, - | 50.0 | 61.0] 95.0]. 3.9!) — —_ a 48.5 
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TABLE 28.—( Continued. ) 























WEIGHTS IN PouNDs. WEIGHT IN GRAMS. g 

Foop MATERIALS. =a3 g ‘ 42 q : as < 

Sey ee 2 vie 3 ‘ oe v 

ee) 2 be 8) ee 

Percentages of Total Food. ZL q q, g ¢, q, g % 

(Continued. ) 

Cereals, sugars, etc., - * (2A TiS Eee 73 31k BO uO ea -- — —— 

Vegetables, - - = hie Sr. Lae ae 3; 15.2) — — — -— 

Fruits, - - - - ea Bid een fea | Pe ete — = — 
Total vegetable food, - | 50.0) 39.0] 5.0) 96.1; — | — | — | 51.5 
Total food, - - - |100.0)100.0/I100,0|/100.0} — *| — |100.0 




















TABLE 29. 


ope and potential energy in food purchased, rejected, and 
eaten in atetary of a farmer's family 
zm Connecticut. 
























































NuTRIENTS. o 

a 

Foop MATERIALS. s ,u > 

=| ; on rs 

nA 3s se =| 

ie} 

Fy cy o%, oy 
for Family, ro Days. Grams. | Grams. | Grams. |Calories 
Animal, =, | “1992 | 4492 471 | 51870 
Food purchased and eaten,* - Vegetable, - | 1272| 236] 11627 | 55080 

pi eee 
[ Total, - | 3264) 4728] 12098 |106950 
Per Man per Day. 

Animal, - 59 132 14 1525 
Food purchased and eaten, - Vectors, d 37 7 342 ig heey 
Total, - 96} 139 356 | 3145 

Percentages of Total Food Purchased. % % % % 
Animal, = |‘ 61.0} 95.0 3.9 1 eaens 
Food purchased and eaten, Vegetables ~ 2) (3000s) o- Ono i 57.5 
Total, — - | 100.0] 100.0} 100.0 | 100.0 








* There was no waste in this die 





tary. 
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No. 169. DIETARY OF THE STATION AGRICULTURIST’S FAMILY. 


The study began November g, 1895, and continued 28 days. 
of the family and number of meals taken were as follows: 


Man, 34 years old; weight, 185 lbs., “ = 7 - 78 meals. 
Woman, 28 years old; weight, 140 lbs. (81x.8), equivalent to 65 meals. 
Child, 3% years old; weight, 41 lbs. (83 x .4), equivalent to 33 meals. 
Child, 2 years old; weight, 34 Ibs. (82 x .4), equivalent to - 33 meals. 
Servant, 60 years old; weight, 145 lbs. (82x .8), equivalentto 66 meals. 
Visitor, male, - = x . ~ = - 3 . 2 meals. 

Total number of meals taken equivalent to - - 277 meals. 


Equivalent to one man g2 days. 


TABLE 30. 


The members 


Cost and weights of food materials used in dietary of the Station 


Agriculturist’s family. 












































| ae 
ie WEIGHT. | | Oo WEIGHT. 
Samet | eee ae 
Foop MATERIALS. 2 | a vi Foop MATERIALS. S g a vi 
Spices pos V2 | “egies 
4 a | 6 2 a| 6 

Beef. ‘gan | $ | 
tet . - | M| .32} 2] .5|| Chocolate cake, - | 88) .06/—]| 3.0 
Shoulder, , - | M| .56) 4/10.0!]| Macaroni, - - | 80) .og —]| 8.0 
Round, - eee zie.) S152 51) Rice = - - 77, .08 —|15.0 
Round, 2d cut, - | 30) .32| 3) 9.0|| Sugar, granulated, | Mir.oo|17/ — 
Rump, - - - | 31/ .54| 5] 7.0|| Sugar, maple, - | M| .02|—| 2.0 
Fore shank, - - | M| .38) 9] 9.0|| Syrup, maple, - | M) .08|—|15.5 
Sirloin steak (loin), | M| .31) 1/14.5|| Molasses, - =I OSWeel7 [2.5 
Dried and smoked, | M 10) —/ 9.0) Honey, - - | 94] .07| —| 6.0 

Lamb. | Cocoa, - = - | M| .05/—}] 2.0 
Hind leg, - - | 38] .34| 3} 6.0|| Beans, dried, ett Ml). JOSpiel aT ae 
Side, without tallow,| 39} .82| 10] 3.5  Carrots(43%refuse),| 11| .0o1; —/| 3.0 

Pork. . | Celery (12:% retuse),| 12) .30/.2uleqes 
Ham, - - - | M| .08}— |12.0/| Onions (11.6 % re- | ( 
Lard:and cottolene, | M| .51| I] 5.5/| fuse), - - | 13] ..03| — /13.5 

Poultry. || Potatoes (23.7 % re- | 
Chicken, ed. portion,,) M) .39 2) 4.5); _ fuse), - =e LOPee20! 26 fates 

Fish. | || Potatoes(15%refuse)) 16] .03| 4| 4.0 
Halibut steak, - | M!| .60| 2/15.5|| Sweet potatoes (21 | 
Mackerel, fresh, - | Mj} .11)— }10.0| % refuse), - - | 17; .06) 21 — 
Cod, salt, boneless, | M| .04|—|I11.5/| a (36.3 @ re- ' 

a ~ = 16) — 112. 5|| use), = =| 16} .20) “O15 5 
ee Bee pe = i 2.38, 8 8 ol Turnips (23% refuse) Ig  .04) 3 |10.0 
Cheese, - : - | 55| .12|—|r0.5|| Tomatoes, canned, |106| .10| I] 2.5 
(hieese, cottage, - | 56) .10) — | 9-9} Apples, wormy (41 ‘ 

Rill = Ss - | Mi2.94\147/ 1.5|| 4 refuse), - - | 20] .42| 16,750 
ao | Apples, good (23.4 
Accumulated fat not ce | @ refuse), - Weel 11 eee 
used, - ; ty ge mea ls are Bananas(25%refuse)| 21; .25| I] 2.0 
Corn meal, - an OL el 73.0) Grapes (19 % refuse),| 22) .65) 11 | — 
Wheat preparations,| M| .58) 614.5)| Raisins (18.7 % re- 
Oatmeal, : Sele 74 ee OP) i 225))1) 9 fuse), é 2 | OAWe 68) ee 
Flour, bread, - | 65| .60) 2913.5!) Canned fruit,*  - |r14/2.25| 8|15.5 
Flour, pastry, - | 69) .22, If 13.5 Crab apple jelly,}- |113| .05) — |10.0 
Mellin’s food, se peZOee SO) Il Ls 51) 
Crackers, milk, Se Sales 7 = aA) 7.9} Waste (a), - - |123| — Ti Os 














* Composition assumed; home canned; cost of fruit and sugar estimated at 25 cents 


per quart can. + Composition assumed. 
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Weights and percentages of food materials and nutritive ingredt- 


TABLE 31. 


STORRS AGRICULTURAL EXPERIMENT STATION. 


ents used in dietary of the Station Agriculturist s family. 
Calculated for one man ro days. 








Foop MATERIALS. 


Tonia Ne 





WEIGHTS IN PouNDs. 


Wis. IN GRAMS. 











Animal Food. 


Beef, - - - 
Weal: -- - - 
Mutton, - - 
Pork, i - - 
Poultry, - - - 
Fish, etc., - - 
Eggs, a s. ‘% 
Butter, - - - 
Cheese, - - : 
Milk and cream, 


Total animal food, - 
Accumulated fat not used, 


Total animal food used, 


Vegetable Food. 


Corn meal, rye meal, and | 


buckwheat flour, 
Wheat flours, - 


Oatmeal, rice, and wheat 


preparations, - 


Bread, crackers, etc. 
Sugars and starches, 


Total cereals and sugars, 


Beans and peas, - 
Potatoes, - - 
Other vegetables, - 


Total vegetables, 
Tr ite * - 


Total vegetable food, - | 


Total food, - 


Percentages of Total Food.) 


; =- 


Beef, veal, and mutton, - 


Pork o- - : 
Poultry, - - 
Tishesetc ame - 
Eggs, - = co 
Butter, - - - 












































Lo < uv “ 13 7 
8 og | 83) 8 ga eoeee 
cae Medien Pe oS te Be oS 
Lbs.s) “Lbs. }: Lbs.) “Lbsiai "Gro 4 Gat: $ 
357 655 143 | 248 onl ee 
1.5 .2T 26) «— g7| 117; — ies 
24m Ol Ae 17a Bi 7G) eae .06 
.2| .05] .o4]| — 21; I7| — | .04 
5 eeO7  eO2y sme 34 8] — .08 
sD OL tT OL | a 5 Siar ae 
Oe .76| — | — | 346] — | .26 
Uys Od A'S TQ), 10) S16 eee 
£67 Os e631 POA 239) 290} 363| .32 
(23.2 I1.47| 2.36] .84) 668/1070| 379] 1.29 
2a) 16; — | — 73; — | — 
(2550) 1,474,220 668] 997| 379) 1.29 
nh aan Ol4e pee 5) 
4,5) 750 | .05 13.304 227) S221 568i nag 
Leone, Lisl Ol ~75")| - 49) *6l" 34 ora 
-6|--.05 | °.07 | =, 39)" 24\° 30) 7 Gemeos 
2.31 FOOT} ges) 2518 5; 2) 988) ears 
Ce easy .13 6.72) 306) 603050) .43| 
a ge3 fa | SOF No oke Ti4 22a 
319 B00 |S OL be7 2 a3 2 2241152044 
a Oem OS sO Var oh 7) ae Al. FSi OF 
G30). .14,) 1.02). 9.96) 621) qa aaaiaeers 
AS85031. 404) 1 060 15) 104 soumee 
19i2) 844 21918.74) 383) . 8613966)" =r0G 
42.2| 2.31 2.39 | 9.58 |1051/1083/4345| 2.25 
| | 
Bol Biol Bod BNA oe, ese ee 
2.2 #8 ober — |— |} — | — / 21.3 
5 5) 7-3| — | —|—|—] 2.8 
.6| 2.0} 1.6} — | — | — | — |g 
Ted 3.2 Tl) Se) Se 
4 7 3 — i —-j-l|e .8 
9 Ym iS TiO Wh ote aera al amen ere ae 


Fuel Value. 





Cal. 














| 
| 


STUDIES OF DIETARIES. 


TABLE 31.—( Continued. ) 








WEIGHTS IN PounpDs. WTs. IN GRAMS. 


Foop MarTERIALs. 


s 
fe 


Carbo- 
Fuel Value. 


Carbo- 
hydrates. 


hydrates. 


Percentages of Total Food. 
a (Continued. ) 
Cheese, - : “ 
Be Milk, - -' - 


SQ 


Total animal food, —- 
Accumulated fat not used, 

zs Total animal food used, 
Cereals, sugars, etc., - 
Vegetables, - “ . 

_ Fruits, - - - - 


% Total vegetable food, 


Total food, 
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TABLE 32. 


Nutrients and potential energy in food purchased, rejected, and 
eaten tn atetary of the Station Agriculturist’s family. 





























































































































NuTRIENTS. oe 
= 
rey Z . Gy 

Foop MATERIALS. 3 s ‘ $3 > 
0 2 s cs Ov 
2B )* 
For Family, 28 Days. $ Grams. | Grams. | Grams. |Calories 
( Animal, - | 11.83] 6144 | 9175 |. 3487 |124810 
‘Sucdhapeeenty. } Vegetable, - | 8.85] 3528 | 789 | 36487 /|171400 
Total, - | 20.68] 9672 | 9964 | 39974 |296210 
( Animal, -| — 7g Oo be 20| 2390 
AVaste: i i 4 Vegetable, - | — 45 18 204| IIg0 
Sal ee 
les oLotar; -| — 124 231 224| 3580 
Pecan -| — | 6065 | 8962 | 3467 |122420 
Food actually eaten, J Vegetable, - — 3483 771 | 36283 |170210 
a 
\ Total, - | — | 9548 | 9733 41 30750 2020a 
Per Man per Day. | 
Animal, - a1 See GO 100 38; 1360 
Food purchased, - By aan ay ae 38 : 397:) Ghee 
L Total, - .221 10s 108 435| 3220 
( yee = — I 3 — 30 
Waste, ; 4 ss Vegetable, - — — = 2 IO 
po mite oe 
i shotals - = I 3 2 40 
{ Anima}, -_ = 66 97 38.1 1330 
T = 
Food actually eaten, - 4 EEC h eV <i 8 | 395} 1850 
) | nnicsaes Pence) er 
{er cbotar: Shi es 104 105 A331 aS t50 
Percentages of Total Food Purchased. | % % q % % 
( Animal, - | 6762) 0355" fO2e4 83 eee 
Food purchased,- ——- . Vegetable, - 42.8] 36.5 | 7.9] 91.3] 57.9 
| 
ic. Total, - 100,0]100.0 |100.0 | 100.0] 100.0 
Animal, 7 | — .8 2a oa 8 
Waste, F ; a Vegetable, -| — ee 28 yA 
Be | ee 
(eeed Ota, - oo I 3 ra) 6 i.2 
( Animal, Saha el C2 ett coOeD SO ta tee 
Food actually eaten, - 4 Vegetable,  - eae 36.0 7-7 | 90.8) 57.5 
| — | | | —__| —___ 
| Total, =) +. /).98:7 5) 07. 7) oo ueemnee 
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No. 173. DIETARY OF A PRIVATE BOARDING HOUSE IN 
MIDDLETOWN, CONN. 


The study began October 19, 1896, and continued 7 days. The members of 
the household consisted of seven adults, two men and five women. One man 
was elderly and not engaged in any active work; the other was a young and 
active clergyman. Two of the women were middle aged and three young. 
All were in good health and actively occupied. The number of meals taken 
was as follows: 


Two men, E - = = 2 < 4 é = Peto meals: 
Five women (105 x .8), equivalent to - = : «  Sarmeals: 
Total number of meals taken equivalent to - - 123 meals. 


Equivalent to one man 41 days. 


TABLE 33. 


Cost and weights of food materials used in dietary of private 
boarding house in Middletown, Conn. 


















































2 WEIGHT | 2 WEIGHT 
et ae : Ce ORG La: : 
Foop MATERIALS. o 8 ss é Foop MATERIALS. 5 3 g 
o has} (=) o Fy | i= 
‘Oo } 5 ox Saas 
a4 om} O lo ay) SS 
Beef.* $ , $ | | 
Sirloin steak, - - |Mjr.40| 6| 8.0|| Cake, = : =i) 87h 40h 2h sges 
Short steak, - - |M)| .16)—|14.0)| Crackers, - -| 84).13/—|13.5 
Shoulder, - “ - |M| .40| 3} 1.0|| Macaroni, - --| 80). 10|—|12.0 
Dried and smoked, - |M| .03|—| 2.0)| Sugar, granulated, - | M|.39 7, 3.0 
Veal, Syrup, maple, - = HNL) SES a Tio 
: Ati __ || Beans, dried, - =| .M) 00) Loss 
Bg toasts ah oe Celery (56 % refuse), I2|.09|—| 6.0 
Lamb. Corn, canned, - =o ML Ogi tisoee 
Neck and shoulder, - | 7| .25| 2} 2.5|/ Onions (7.3 % refuse), | 13}.03) 1)11.0 
Leg, = - - | 5] .90| 4| 2.0|| Potatoes(17.6%refuse)| 16).18|13)14.5 
Pork. Sweet potatoes (20 % 
eit refuse), - = MOET s24\ 20) t0n5 
en aa ; 5 si be : Aa Tomatoes, canned, - |106;.08) 2) 8.0 
; 4 ; "°|| Apples (38 % refuse), | 20).08) 4.10.5 
Poultry. || Bananas (38 % refuse),| 21).22) 115.0 
Ghicken, =). - - |M| .72| 2.15.5]! Grapes (23.3 % refuse),) 22|.15) 1/10.0 
Peres i E Miro eowaltrio Prunes (25.7 % refuse),| 23|.15| 1) 2.0 
utter, 7 - - |Mj\r.04) 3.15.5 Accessortes, : 
Cheese, - - = OSS) s L011 4,0 
: : a | Catsup, - : - | —|.02\—| 4.5 
Cheese, cottage = 15 9)),-05|— |) 0.0 {sup, 
Milk, : g ? : ti 102/311 4.5 Olives (27.5 % pit), =e |: 17 a 
Cream . e - |MI .48) 4) — Pickles... = = Sy | 20} Ij13.0 
t Coffee, - : - | —}.18)—,11.5 
Corn meal, = - |64| .O1|—|10.0]| Tea, Z : Wee eps |e 
Flour, bread, - = oa 201. Gi, 1.0 | 
Flour, pastry, - - 69) .03/—|14.5| Animal waste (a); = \124) 4 Ts 
Rolled oats, - - |74| .09) 1| 8.0|| Clear fat, waste (ap) \.2 5 ee 
Rice, - - |77| .o1 —| 3.5|, Vegetable waste Fo U2 ba) Liege 





* All weights in this dietary are of the edible portion without refuse. 
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TABLE 34. 
Weights and percentages of food materials and nutritive ng redt- 


ents used in dietary of a private boarding house, Middle- 


town, Conn. 


Calculated for one man ro days. 








Foop MaTERIALSs. 





Animal Food. 
Beef, - 5 s 2 
Weal,” >- = = : 
Mutton, - - - 
Orks ae 5 - - 
Poultry, - - - 
isi. ;ctcs =es - - 
SES ibd wa eee 
Butter, - % : 
Cheese, z - - 
Milk and cream, - ie 


Total animal food, - 


Vegetable Food. 
Corn meal, rye meal, and 
buckwheat flour, : 
Wheat flours, - - 
Oatmeal, rice, and wheat 
preparations, - - 
Bread, crackers, etc., - 
Sugars and starches, = - 


Totai cereals andsugars, 
Beans and peas, - - 
Potatoes, - - = 
Other vegetables, - - 


Total vegetables, - 
Eraits .- 2 = =a 


Total vegetable food, 
Total food, - - 
_ Accessories, - 4 : 


Percentages of Total Food. 
Beef, veal, and mutton, - 
OTK ei - - i 
Poultry, - - - 
Push; etc. 9 - - 
oi ee mean ee 
Butter, - 2 : 2 
Cheese, - = “ 


Milk and cream, - - | 


Total animal food, - 
Cereals, sugars, etc.,  - 
Vegetables, - - - 
Fruits, - - - - 

Total vegetable food, 
Accessories, - - - 

Total food, - - 






















































































WEIGHTS IN Pounps. Wrs. In GRAMS, “ 
ed G 12 : 1 2 n 
des| g | ¢-l 32) 2] 2/22 
2d t S ao 
"ES | é | z / os £ OF, fe 
. | Lbs. | Lbs. | | Gr. Grn 
2.6] -48) 45 219 a .49 
ae OS) sae 22 ae .04 
tol eee 2O) mete 126 = .28 
Bre 30 — — .O4 
Ppl eee eT 63 — ate 
eer tc | eens 61 —| .16| 
r.o| — | .80 — — 25 
aia eT) vee LO 34 31. O04} 
6: Giem, 2ollwe as 125 193) S37 
One) 1244 2.75 650° 196, 1.84/15050 
.OI| — 6 ST) o—— 
-2010 303 | 124 824! .06 
Ae’ OFhe ic 03) 30 131; .02 
DOU er OS 20S 38 303 18 
2.1; — ay irae | 913 14 
6.1) .44} .14! 4.90] 198 2222] © a0N 
.4 Og} .O1| 41 108 02 

G- O} eal 2), e202 53 595} .10 
D5) ee OZ Oa 12 63 07 
aha 23) 203) 106 766 Ig 
2.3) e203). 02 II 25 Thee toe 

16.3] .70| 19) | 315 3239] .73 15390 

328 2.13, 2.94 965 3435] 2.57 30440 
NS ie d %| & 

1312.17) :38:,21520 27) — =e 
Lia oe —s — 1.5) 
222i 20); Siete — — 6.4 
ZT Gas), ao — =e 5.9 
2 Oh eat lin 2 eel — — 9.2 

LOVEE? Or tG.es > 5) bes 
-7| 67.4] 93.4] _ — | 66.9 
-4) 20.51 428) — ih Ieee 
SONA POs wre? | — — 6.9 
Behe en eit 6 her -— 5.3 
AO GS Ole COLO — —— Kean 
el hai; es we a 6.4 
.0 100.0 100.0 — — .0 100.0 











=e 
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TABLE 35. 
Nutrients and potential energy in food purchased, rejected, and 
eaten in dietary of a private boarding house, 
. Middletown, Conn. 



























































































































































NUTRIENTS. 3 

Pee: ; 3 

Foop MaTERIALs. Ps ee a 49 > 

res 2 Sere ee 

| & Same pce fe 
For Family, 7 Days. $ Grams. | Grams. | Grams. | Calories 
( Animal, - | 7.53] 2665 | 5103 803 | 61680 
Food purchased, - Vegetable, - 3.72) 1290 363 | 13280} 63110 
re Votalyg: = 11.25 13055. 5400) | 14083 124790 

( Animal, -) 162 * mows — 

Waste, - : - 3 Vegetable, - ) — 17 iy 103. ee 
ret otal yyii- — 179 561 168| 6640 

( Animal, - |. 7.53| 2503 be! 803| — 

Food actually eaten,  - Vegetable, - | 3.72) 1273 Set 311o) ies 
beeen hotals 7... |11.25| 3776 | 4905 | 13915 |118150 

Per Man per Day. | 

fumed, - ate 65 124 Ig| 1495 
Food purchased, - we) Vegetable, - .OQ 31 9 324°| 1540 
t pctal ye = 627 00 3S et 343.150) S 

feecnitial ess joe 4 3 — — 

AAlatel es i eee 4 Vegetable, - | —= — i 4! — 
L photal. = — 4 14 4 160 

Animale ---)| <18 61 * I9| — 

Food actually eaten, - ceca Diews ants 31 i ye Oa” 

— | | 

BoaiiOtals = 22 92 119 339 | 2875 

Percentages of Total Food Purchased. q% q q G % 
Animal, Sa OOTO 67.401 05.4 Bap dO. 
Food purchased, - Vegetable, - | 33.1| 32.6 6.6 164.3 |) 5076 
Total, - | 100.0|100.0 |100.0 | 100.0| 100.0 

Animal, - — 4.1 £4 — 

Waste P 4 Vegetable, - — 4 G 1.2; — 
‘otal, = — 425 110.3 122 5.3 

Animal ours s10070' |) 93%3 . Cg Aa 

*% a 

Food actually eaten, = - Vegetable, - | 33.1 | 32.2 BeAr 

eee otale 2) 100.01),795°5 BO07.) OS.0 ye Otay 





* The animal and vegetable wastes were kept separate, but inasmuch as more or 
less animal fat used in cooking must occur in the vegetable waste, the analysis does 
not show the real amount of vegetable fat. For this reason no attempt is made to 
distinguish between animal and vegetable fat, and consequently the fuel value of the | 
animal and vegetable waste cannot be calculated. 
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No. 174. DIETARY OF A FARMER’S FAMILY IN VERMONT. 


The study began July 7, 1896, and continued 151% days. The members of 
the family and number of meals taken were as follows: 


Man, about 45 years old, - - - - - - 46 meals. 
Woman, about 45 years old (46 x .8), equivalent to - - 37 meals. 
Man, 22 years old, - - - - - - - - 46 meals. 
Boy, Ig years old, - - S e = 3 : ~ 46 meals. 
Boy, 15 years old (46x .8), equivalent to - - - - 37 meals. 
Girl, 16 years old (46x.7), equivalent to - = ~ - 32 meals, 
Girl, 14 years old (46x.7), equivalent to - - - - 32 meals. 
Girl, 4 years old (46x.4), equivalent to - - - - 18 meals. 

Total number of meals taken equivalent to - - 294 meals. 


Equivalent to one man 98 days. 


Remarks.—This is a summer dietary of the same family whose dietary in 
winter was given in the Report of the Station for 1895 as No. 27. The family 
were all at rather active exercise, as the study was made in one of the busy 
seasons of the year. 


TABLE 36. 


Cost and weights of food materials used in dietary of a farmer's 
Jamily in Vermont. 




















5 WEIGHT. SF WEIGHT 
o o . 
Foop MATERIALS. a a o) 4 || Foop MATERIALS. g 2 a a 
at Pande het aa 5 ea aaee 
‘S Bh od 2 5 ite 
% Epa Mie x as ae 
Beef. $ $ 
Brisket, = - |26/ .30) 4/12.0]! Corn meal, - ~ 4° O04] 230 TalereuG 
Ribs, - - - | M)} .60) 6] — || Flour, graham, - 72.) 7:20 Ry aps 
Tripe, - - 7 (93-5919 123.01) Klour.sbread, saowl sae :67) 26:13 
Corned, canned, - | Mj .25| 2| — || Oatmeal, - - | 75) (Osta eo 
Pe Rice, - - - 7] |: O04} "SOO 
| Rye meal, - - |. 70) 13 gerees 
Pa Sse Fa -|M) .84 6] — || Bread, graham, - | 82| .10] 2; 4.0 
Sait,tat,o. = SAS Ne GOHROW =) a Crackers, - - | Mo 26hyoue 
Lard, - - = eM. 13) eliud Oj ougar, = - | .M |r. 3T-3oe gome 
: Molasses, - ~.| 93°]. 5G} Loe gay 
Lash, Beans, dried, -| M ue 10}; — — 
Salt cod, boneless, | M | .05| — 7.0 || Peas,green,shell’d,| 15) .43 44520 
Potatoes,ed.port’n,) 16) .26 2513.0 
Tomatoes, canned,| 106 ,22 35 — 
Eggs, - - 7 | 5411.75) 14)" —- | Apples, dried, = 108: he toe 10.0 
Butter, - “OME ts 40ers Crab apples, can.,| 111 30) 3); — 
Cheese, = “35 |) ot 5 Ti) sao C ferries stresh. as 25|) .10/—1/14.0 
Milk, whole,* ©.-) 6011240) 70)" — | Cherries, canned,+ | 110| .20/ 1|/ — 
Buttermilk, - - |M/ .26) 25} 7.5 |] Currants, fresh,+ 25 |I1.00/ 15 | 6.0 
Sour milk,* - - 60, .05° 4] 8.0 || Raspberries, fresh, lly) 340 ean 
Cream, = - | M)| .30; 3] — || Raspberries, can.,t| FIO" (coos 
































* Fat estimated from the amount of the milk required to make a pound of butter. 
Com position assumed. 
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TABLE 37. 


Weights and percentages of food materials and nutritive ingre- 
dients used in dietary of a farmer's family im 
Vermont. Calculated for one man ro day. 






















































































WEIGHTS IN PouNDs. | Wrs. IN GRAMS. 3 
La a | . : » = 
Foop MaTERIALs. = 8 a 43 | 4 $9 3 > 
re i gether Bee AR Ere Pe 3 
ae 5 One Os Fe 

Animal Food. Lbs. Lbs. Lbs. Lbs. (Gms. Gms. Gms. | $ Calories 
Decl, '+ = = = PTC meeps e aon c= t41)\ 147 I Se od = 
Veal, - - . cae — ay | OE De eae Pa | Seg ax 
Mutton, 2 & -_|— == — ay | eden eked ng Peey | ee) Py 
Pork, - - - ah To SOGhs  .SOiC —— 42) 392) — $16 
Poultry, - - ot Le eh ee = 
Fish, etc., - ! Ij .o1] — | — phar oe a. 

' Eggs, - : =H tea |= 9 [14/0 |” 85) 62 18 |) 
Butter, - - - sii i 69) — | — | 267) — 14; — 
Cheese, : f - .1l 03; .04) — I5| 20! 2] .0o2) — 
Milk, - = . =e hOes SA 450 521153 2000255) 220) = 

Total animal food, - | 16.5) .97| 2.41) .52) 440,1094 295), 9139" 12950 
Vegetable Food. 
Corn meal, rye meal, and 
buckwheat flour, : Teche eth pt OR 85 OO ES OTA) 03 |). 
Wheat flours, - : Becie 2411). 05) 2.56) 080)0 121 T160| .10) — 
Oatmeal, rice, and wheat 
preparations, - - Poise O4m O20 e Loe lO “| 83| .OrI| — 
Bread, crackers, etc., - PAVE POA FOZ be ee7 leak on (EL 122) --03 a0 
Sugars and starches, - oN ey ek ee Mee oe: S17 gle 430) OL a 
Totalcerealsandsugars) 9.4, .67) .12) 7-53) 303) 543417 236) — 
Beans and peas, - pee. Te cee eee, 0215, 00) EE 2 ie etOp 300 .08| — 
Potatoes; := - = Bei Onm. LA Ties Ij 215; .03|. — 
Other vegetables, 4 3, — —_ OI 2)— | 5|_ -02) — 
Total vegetables, - | 4.4) .30| .02 1-10) 139)— 111°520\) 213)00=— 
Fruit, - - s - BuO OSs OS OS) Se T3. B1L 5 S307 (58.27) 57 
Total vegetable food, | 16.7; 1.00} .17) 9.37) 455 80|4250| .76| 20040 
Total food, - - | 33.2] 1.97| 2.58] 9.89) 8095/1174 4488) 1.64] 32990 
Percentages Total Food. Y) d, Y q, q, ¢, q, d, Yy 
ects vealand mutton; |), 6;6)-15%.7) 12.6) —-- | "| — | — 10.8; — 
Pork, - - - eA eed S34 i ee ar) 
Poultry, - - 2) ae oer aN in 9 Eee (Nee ee neem Cane — 
Fish, etc., - - - Bt Kill ame) — j— | dl 3, — 
oe ee ee aCe e552 i TOT 
Butter, - - - ON ae OF ame 0 ee 8.7; — 
Cheese, - - - Ree ether ere | sy [Oe 
Milk, - - - mae fer eOmel  ONNNS 3) te 3 | oe 
Total animal food; - | 49.6) 49.1) 93-2) 5-3) — | — | — 53 o i 300 
Cereals, sugars, etc., - | 28.5} 34.0 Aen 7Oc2) ey 22 2 
Vegetables, - - Siar shake. 5 MOE Peco te 7.5; — 
Fruits, ; - - Croat er lagi Oem) | oe as 16.5; — 
Total vegetable food, | 50.4) 50.9) 6.8) 94-7, ~ | ~ | — AG), 24 GO 
Ota O00, = - |1100.0/100.0|100.0| 100.0] — | — | — |100.0) 100.0 
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TABLE 38. 


STORRS AGRICULTURAL EXPERIMENT STATION. 





Nutrients and potential energy in food purchased, rejected, and. 
eaten tn dietary of a farmer's family in Vermont. 






























































| 








NUTRIENTS. J 
a 
Py : a 
Foop MarTERIALS. 3S “ ; 4% re 
Soe) Bo ee eee g 
i) 
For Family, rs\% Days. $ Grams. | Grams.| Grams. | Calories. 
Animal, 8.67 | 4307 | 10724) 2331 | 126950 
Food purchased and eaten, Vegetable 0 a pele 781 | 41644 | 196290 
| Total, - | 8.67 | 8767 | rrs0s 43975 | 323240 
Per Man per Day. | 
Animal, .09 44 109 24 1295 
T — 
Food purchased and eaten, Nees actet Besse : a 425 ade 
| 
aR nOtaL he 200 5 aan8y I17| 449 3295 
Percentages of Total Food Purchased. % % % % A 
Animal, —— | 49.1 93.2 53 39.3 
Food purchased and eaten, 4 MAND be ee O28 oad Be 
—— = 3 
Wy Bele the 5” GS eae taretess 100.0] I00.0 100.0 


ee ee ee eee 
No. 175. 


DIETARY OF A MAN IN THE ADIRONDACKS IN 
MIDWINTER. 


The study began January 25, 1896, and continued 30 days. Ninety meals 
were eaten, equivalent to one man 30 days. This study was carried on by a 
man 24 years of age, who is a consumptive and lives in the Adirondack region 
of Northern New York winter and summer. After boarding at hotels for sev- 
eral years he ‘‘ determined to rent a cottage and keep house for himself.” He 
planned to be out of doors several hours each day, though not engaged in mus- 
cular labor, and as the weather in winter was very cold, some times reaching 30° 
or 40° below zero Fahrenheit, this may in part account for the large amount of 
food eaten. The relative amount of animal food was much larger than is usu- 
ally the case. The weighings of food materials were made ‘‘on a pair of 
reliable steelyards.”” The figures given represent the amounts actually eaten. 
None of the materials were analyzed. The data as reported by the author bore 


marks of much care as well as understanding of the subject. 
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TABLE 39. 


Cost and weights of food materials used in dietary of aman in the 
Adirondacks in midwinter. 


















































= WEIGHT S WEIGHT 
o os o as epee 

Foop MATERIALS. g 3 ub A Foop MATERIALS. S a 4 = 

eens eS Go. eth oe 

2 Z| 6 2 eee 

Beef. $ | $ 

Rib roast, - - | Mj1.85/10| 4.0|) Rye meal, - - | 79| .03| —/] 12.0 
Round, - Syh27 (2-95.10 13.0.|| Crushed wheat, -"| 73 | (22) 20 6.0 
Dried and smoked,, M| .03)—| 5.0/| Oatmeal, - - | 74|.09/ I] — 
Mutton. tae etre se eedgns | ot, 

Leg, - - = PAO} .O6) 7 178.0 ee : ied oes : 
’ é ‘ Bread, - ati O1-97, 20.) Seer ie 
Chops (loin), 41} .82! 4] 4.0 Sugar, i ol M\sar) ages 
Fish, Molasses, - = 1.03 ) 08.) Tos s8eo 
Cod, fresh, - eve 538 4) -9.0.||) Papioca,, —- - | M|.02;};—| 3.0 
Ode, Salt; 5. = - |Mj .o1]—J| 2.0/]| Corn starch, - | 95| .04;/—]| 3.0 
Smelts, - - |52| .08|—] 8.0/|| Cocoa, a - | M|.25|—1! 8.0 
Salmon, canned, - | 53| .15| 1| — || Beans, = - | M/ .03|—| 12.0 
Carrots,  < - | 99|.01|—| 3.0 
Eggs, - - eet aatia 420 2.) 3.0 || Onions, ~ >= sp PLOOus TL.) 21 deo 
Butter, - “ap VLMeto) 3. *5.0 || Peas, = - - | IOI} .04) —| 14.0 

Milk, - - - |M /3.57/99| — || Potatoes, - - |102| .17/34| — 
| | Turnips, - - | 105) .OI|—/10.0 
Corn meal, - = Od 1 Ob 2} O.0.11) Lomatoes, canned,|-106'| :07.| 1.6.0 

TABLE 40. 


Nutrients and potential energy in food purchased, rejected and 
eaten tn dietary of a man in the Adirondacks in midwinter. 


















































NUTRIENTS. o 

te 

| ry | w 

Foop MATERIALS. } d Le aa 

o ‘8 a ee eat 

= = Od fe 
For Man, 30 Days. $ | Grams. | Grams. | Grams. Calories. 
WAiinial sete) 21.07 4707 | 62747) 2252) ~ 87120 
Food eaten, . - Vegetable, - | 1.81 | 1223 216 | 8769) 42980 
Total, - | 13.68] 5990 ; 6490 | [1021 | 130100 

Per Man per Day. | 

Animal, = .40 159 209 Vhs a) eee) 
Food eaten, - - Vegetable, - .06 41 2 292 1430 
Total, - .46 ZOOn|9 210 367 | . 4335 

Percentages of Total Food Purchased. % q % Gee Nae BS 
Animal, Ses Oo ie 7.00, O0..7. | 20.4 67.0 
Food eaten, - - Vegetable, - | 13.2 | 20.4 aS) Vee On0s 1 34°C 
Total, - | 100.0 | 100.0 | 100.0 | 100.0} 100.0 
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TABLE 4I. 


STORRS AGRICULTURAL EXPERIMENT STATION. 





Weights and percentages of food materials and nutritive ingredi-_ 
ents used in adtetary of a man in the Adirondacks tn 
Calculated for one man ro days. 


midwinter. 








Foop MATERIALS. 





Animal Food. 


Beef, 

Mutton, 
Push. ete:; 
Eggs, 
Butter, - 
Milk and cream, 


Total animal food, 


Vegetable Food. 


Corn meal, rye meal, and | 


buckwheat flour, - 
Wheat flours, 
Oatmeal, rice, and wheat 
preparations, 
Bread, crackers, etc., 
Sugars and starches, 


Total cereals and sugars, 


Beans and peas, 
Potatoes, 
Other vegetables, - 


Total vegetables, 
Fruit, 


Total vegetable food, - 
Total food, 


Percentages of Total Food. 


Beef, veal, and mutton, 
Fish, etc,, 
Eggs, 
Butter, - 
Milk, 


Total animal food, 


Cereals, sugars, etc., 
Vegetables, 


Total vegetable food, 
Total food, 



















































































| 3.96 


Cost. 


Boia 


1.41 
-59 
.26 
.I4 
-37 

1.19 


Fuel Value. 





Fed ata ae 


29040 











WEIGHTS IN POUNDS. WTs. IN GRAMS 
ss=| 5 | £ | ag | 8 | S | ae 
Ps) a CB] a C8 
Lbs. | * Libs.) | Lbss |) EbsiacGroy Greiar 
g.Ij I.51| 1.44, — | 683) 654) — 
3.9] | 56). 78) | 254) 353). — 
2.1) 9.25], .04) ——" |" 115) aah” ee 
oF 1 OGh te. O Fis p= 43, 3 
1.2} — QO) oe I a oag plore 
33.0) 1.09) 1.32] 1.65] 494) 598] 749 
50.0} 3.50] 4.61] 1.65 1589 2091} 751 
1,3), ,09)) 4.02)" T5631 Aa Raa 
SO.ge2O7) TOL Acne y 3| 205 
I.I} .15| .04] .80| 67) 17] 362 
ZO) .1Q)¢ OZ) 1.06). “SO «ily Ane 
Teh 205 05|, 2. 14|)-23) s22iesou 
6.2) .55} .14| 4.28] 249} 62/1942 
SS ei. Ps) EDL ae 3| 148 
LISS) 20 OL er aang 5| 786 
1.5], .02) — IO 9 SA 
13.3). 351.2 e202) 2.26) Igo To) oan 
10.5). 007 410). 6,44) 4406 72/2923 
69.5] 4-40) 4.77| 8.09 1997/2163 3674 
ho % ho Mish SP ae 
18,8) 40.6 4655)° — | — a 
ERAS ley. 8; — | — |} — |) — 
T.0l) (2521 ie) Gam he ene 
L.J\. | 2012) — fe 
47-4| 24.7| 27.7) 20.4) — | — | — 
71.9) 79.6] 96.7) 20.4, — | — | — 
8.9] 12.5, 2.9) 52.9) — | —  — 
19.2)) 97.9) .4| 26.7; — | — | — 
25.11) 20.4953) org Gta ee 
100.0} 100.0) 100.0} I00.0/ — | — | — 

















14330 
43370 


% 
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No. 176. DIETARY OF A CAMPING PARTY IN MAINE. 


In the summer of 1895 four young men from Ig to 22 years of age spent some 
time canoeing and camping on the Allagash River, Maine. As they took their 
journey easily they may be considered as being engaged in light work. For 
part of the time they had a guide whose rations are included in the dietary. The 
whole time is estimated as equivalent to 115 days for one man. The following 
data as to the food consumption are from a record kept quite carefully by a 
member of the party. The weight of the fresh meat was approximate, 
and the composition was assumed to be that of average veal. No analysis of 
the food materials were made. While the estimates of quantities of nutrients 


lack the accuracy desirable in a dietary study they are yet of no little interest. 


ABLE A. 
Weights of food materials used in dietary of a camping party 
in Maine. 















































ie WEIGHT. | | S WEIGHT. 
| 8 | g 
Foop MATERIALS. | 8 Jf ui || Foop MaTeriats. i a 4 
o S oh 5 q 9 
‘Oo 5 pha rs) 5 5 
ol eg Wane ore a Say peel ins 
| ) 
Canned corned beef,; M | 12 — || Oatmeal, - - 74 2 | — 
Fresh meat, - a wivine| TOO on TRICE = - Suey feet ee 
| || Hard-tack, - - | 85 Io ey 
Pork. | ;| Sugar, brown, -| M | 35° | — 
Salt, fat, i ede: paced.) > |p Chocolate, ~ - see QO 8 | — 
Bacon, - - See Aya hin 27 — || Beans, - < cee Laie 1 Stee 
Ham. = 2 ENE 18 Lohr Onions} - - | 100 |* 20 | — 
(cae ee Pies her) 1S __ || Canned peas, - M 4 |— 
4 | || Potatoes, — - e102 30u)) —— 
Canned chicken, - | 51 | 6 | — || Apples, dried, - | 108 2 |— 
| [| | 
Cheese, - - =e BS yn yt ail Accessories. 
Milk, - SCAR Ea SO nel : 
i coo iee IVE a _— || Coffee, = ae 10 ee 
Condensed milk, | ) 5 ane ; Sa oe a ee ae 
Corn meal, - - | 64 5 — || Baking powder, - | — 5 |— 
Flour, wheat, - | 65 | 75 — || Salt, - - - | — Diet. Gao 
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TABLE 43. 
Weights and percentages of food materials and nutritive ingredt- 
ents used in dietary of a camping party in Maine. 
Calculated for one man ro days. 

















| WEIGHTS IN PouNDSs. WEIGHTS IN GRAMS. 































































































co) 
= 
| wn wn = 
Foop MATERIALS. Eice 3 43 8 : 5 43 Bs 3 
. 
Animal Food. | Lbs. | Lbs. | Lbs. | Lbs. |Grams|Grams|Grams| Cal. 
Beef, - - - aha ze7 1a le SON hae AE Ae 135 66; — — 
Fresh meat, - - Sri O10. O00 5 Slows 505 |- 240 es 
Pork, - - - Storie Lares Ly 188 | 1890| — — 
Poultry, - - 2 - Sli aed Bice EOL me 49 71) — — 
Cheese, - - - - | Ade OS eae nO Si 10 14 I} — 
Milk and cream, - -| 4.8 TBLS 4 2Olre deiea cE 93 i202 0— 
Total animal food, - | 21.3} 2.33] 5.25] .45| 1058 | 2383) 203) 27330 
Vegetable Food. | 
Corn meal, rye meal, and | 
buckwheat flour, - - | 5) OA a Olt esa ete 4| 148] — 
Wheat flour, - - = ohn On Stee 76) err An Olan aa 32 | 2207 | — 
Oatmeal, rice, and wheat | 
preparations, - eC Ly?) tee tue OZ O4 teres 8| 427); — 
Bread, crackers, etc., -— [Ov baal Ph SO3\ ee GSA g 199 20306 ger 
Sugar and starches, - ee | ae Sy) 09} .33| 3.08] 40): 149] 1300gR 
Total cereals, etc., - | 12,8] 1.08] .46| 9.86) 491%} 210|4471;| — 
Beans and peas, - - D3 eis 20a OZ] ey Jim II | 350 ny 
Potatoes, - - - - 2 Dine 05) oe) ea 4 Olea at I} 184}; — 
Other vegetables, - - 2.4 Odie. Ofte. 16h nto 3 86 | 
Total vegetables, - - G. Ole 30 Otel gull. 15| 617]; — 
Fruits, - = - - 4) Jecere SOU nc kO I 2 45| — 
Total vegetable food, - | I9.0] 1.46) .50|11.32| 663] 227 | 5133| 25870 
‘Total food, - - - | 40.3} 3.79] 5.75|/11.77| 1721 | 2610 | 5336| 53200 
Percentages of Total Food. | % % % % q aa tA q 
Beef, veal, and mutton, - | 24.2] 42.5) 12.1) — — —- — — 
Pork, - - - - | 15.3} 10.9} 72.44 — | — | — | — — 
Poultry, - - - *+/| 1.3) 2.8) 2.7; — | — | ~ | — oe 
Cheese, - - . - .2 b 5) — awe ae oa a. a 
Milk, - . - eet LEVORY AG 7) 023 5G es | Oi gee — — — 
Total animal food, = |. 52.9) 61.5} 91.3) 3.8). — — — 51.4 
Cereals, sugars, etc., - | 31.8} 28.5) 8.0) 83.8) — — — — 
Vegetables, 3 = S414. Gh9,9 oie eo vee ae wee 
Ponisi 3) os eae 4 1) ° Ty 8t > pe eee 
Total vegetable food, - | 47.1} 38.5} 8.7) 96.2) — — — 48.6 
4 Otal food, += - - |I00.0/I00,0/I100.0;)100.0) — — — | 100.0 
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TABLE 44. 


Nutrients and potential energy in food purchased, rejected and 
eaten tn dietary of a camping party in Maine. 



































NvTRIENTS. Fuel 

Foop MATERIALS. = 

Protein. Fat. ae Value. 
for Party. | Grams. Grams. Grams. | Calories. 
Animal, - | 12169 27396 2331 | 314230 
Food purchased, - SoC eLADIG, «okt 7616 | 2625 | 59018 | 297610 
Total, - | 19785 | 30021 61349 | 611840 

Per Man per Day. | 

Animal, aa 106 238 20 2730 
Food purchased, - -~ Vegetable, - | SOGr 234 513 2590 
Total, o 7720.) 261 | £53 5320 

Percentages of Total Food Purchased. | % % % % 
Animal, = | 61.5 gI.3 ye: 51.4 
Food purchased, - - Vegetable, - | 38.5 8.7 | 96.2 48.6 
Total, - | 100.0 100.0 100.0 100.0 





SUMMARY OF THE RESULTS OF DIETARY STUDIES REPORTED BY 
THE STATION, 

Table 45 gives a summary of the results of forty-one dietary 
studies reported in the present and previous Annual Reports 
of this Station. ‘These are for convenience arranged into five 
groups: those of farmers’ families, those of mechanics’ families, 
those of the families of professional men, those of College stu- 
dents’ clubs, and finally those which do not naturally come 
into either of the above classes. For the sake of comparison 
the average of each group is given. 

The results are in all cases calculated to the same basis, ‘‘ per 
man per day.’’ Accordingly the figures for the College ladies’ 
club represent larger quantities than were actually consumed. 
If they are multiplied by 0.8, the results will be the values 
‘“ner woman per day,’’ and will represent the amounts actually 
consumed in this study. 

In each dietary the nutrients and fuel value, ‘‘ per man per 
day,’’ of the food purchased, wasted, and eaten, are shown 
together with the estimated digestible nutrients in the food 
eaten and its fuel value. ‘These digestible nutrients were esti- 
mated by the use of the factors explained beyond. 

The results of study 179, described beyond, are included in 
the summary table but are not in the averages. | 
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TABLE 45. 
Lasse of ee: studies made by the Station. 
” a aay NUTRIENTS. a 
fs a 
2 , Ae S 
E DIETARIES. 5 a ee is 
Z 5 ed ao 5 
x Pe fy 
I.—DIETARY STUDIES AMONG FARMERS’ | Grams.| Grams. | Grams.| Cal. 
FAMILIES. 
Two Dietaries of a Farmer's Family in 
Vermont, 
Winter, 1895. (5) 
{| Food purchased and eaten, - - - 6 2 2060 
at {| Estimated digestible nutrients in food eaten, ee 39 sh tie 
Summer, 1896. (6) 
Food purchased and eaten, - - 8 II 4 2 
nee Estimated digestible nutrients in fond eaten, a7 ae ee met: 
Two Dietaries of a Farmer's Family in 
Connecticut. 
December, 1594. (5) 
(| Food purchased and eaten, - - - 108 76 | 635 | 3755 
45 1 | Estimated digestible nutrients in food eaten, 96 73 617 Mee 
December, 1594. (6) 
46 § | Food purchased and eaten, - - - 109 gI 608 43785 
(| Estimated digestible nutrients in food eaten, O7.|408s 592 | 3645 
Two Dretaries of a Farmer's Family in 
Connecticut. 
Fall, 1795. (5) 
( Purchased, ~ : 5 E II4 139 545 | 3995 
we | Food, Waste, - - a tae = 14 18 44 405 
) 
| L Baten, = - - = 100 ya 501 | 3590 
| | Estimated digestible nutrients in fond eaten, 92 iy 486 | 3460 
Spring, 1596. (6) 
( | ( Purchased, - - - 109 206 | 441 | 4170 
£ Food, . Waste, - : ; ‘i . T5 29 35 ler 4 75 
15 | ica 
| \- Raten Ut iia ete ese 94| 177 | 406 | 3695 
| | Estimated digestible nutrients in food Sateys 87 171 394 | 3565 
Two Dtietaries of a Farmer's Family in 
Connecticut. 
ViGll LS05.0 my) 
ae § | Food purchased and eaten, - - 79 117 354 | 2865 
(| Estimated digestible nutrients in food eaten, 73 113 344 | 2760 
Spring, 1890. (6) 
{| Food purchased and eaten, - - - 96 139°). S560 463245 
157 1 | Estimated digestible nutrients in food eaten, 89 | 134 349 | 3040 
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TABLE 45.—( Continued. ) 
; NuTRIENTs, ie 
© : a 
: DIETARIES, a 8 S 
3 = 4 se er a 
(2) x, BO Le] 
& O > cs 
Dietary of a Farmer's Family in Con- |Grams.| Grams. Grams. | Cal 
necticut (5), | 
( Purchased, - - - - 140 174 | 456 | 4060 
fe Rood? Waste, - - - - - 9 TSN ae la 
123 { | | | Ba Ala th e 
ie aEaten <2 2 : - . 131 TOL 10 4332 3510 
| Estimated digestible nutrients in food eaten,| 120 155 | 422 | 3665 
| Average of Nine Dietaries as above. | 
| Purchased, : - - -| 101 128 476 | 3560 
agggt, «EIS re ee m+ lle i26 
| 0 CS ee a 97 | 121 | 465 | 3435 
_ Estimated digestible nutrients in food eaten, 88 117 458 | 3305 
_ II1.—Drerary STupIEs AMONG MECHAN- | 
| Ics’ FAMILIES. 
Dietary of a Boarding House. (1) | 
( Purchased, - - - stu tooo. 420% ladaro 
Hood Waste, - - - - : 23 36 25 520 
I : £- 
| L IAten ory - - - : 103 152 40I | 3490 
| | Estimated digestible nutrients in food eaten, 95 147 302 | 3365 
Dietary of a Blacksmith’s Family. (2). 
( ( Purchased, E 2 2 103 176 | -408 | 3730 
| and Waste, - - - - - 3) 5 ji go 
4 ; ~ 
| Eaten, = - - - - - POOu 1/7 401 | 3640 
| | Estimated digestible nutrients in foodeaten,, go] 166] 384 | 3485 
Dietary of a Machinist's Family. (2) . 
ag Purchased, - - - - 100 ESQ 4271 3040 
; Hosdard VEC Eve nn ca ee ae I 3 6 fg 60 
| 
| aaten, . = - - E - 99 156 421 | 3580 
| | Estimated digestible nutrients in food eaten, go I51 4II | 3460 
Two Dietaries of a Mason's Family. ; 
December, 1892. (2) 
( ( Purchased, z - ; - 107 153 |, 420° || 3620 
= ~ - es = (6 
A Food) J Waste, 3 5 I i 120 
| Eaten, } >- Z ~ - wi elO4 i 148°)» APZ9) 3500 
| | Estimated digestible nutrients in food eaten, 97 I42 402) 3370 
May, 1593. (3) 
( ( Purchased, - - = < 125 145 366 | 3365 
“i Rood, Waste, - - - - - 6 8 18 if ss 
| ly atens. = - - - - II9g 137 348 | 3190 
| | Estimated digestible nutrients in food eaten,| 113 1324) 989) 3080 
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TABLE 45.—( Continued. ) 

























































































NUuTRIENTS. 3 
E DIETARIES, a “ 8 = 
oS z BS Oe 
Dietary of a Carpenter's Family, (2) Grams.| Grams. Grams.) Cal. 
G ( Purchased, - : - - | “125 | 182 18463 euegar 
x 2 a | 
ms Peon ee Waste, - - II 17 23 yi 300 
| | | 
| (Eaten, “-) les S -) S= 2 | 4) 5 
|| Estimated digestible nutrients in food eaten,| 106 130° | 463 493540 
| * 
Two Dietaries of a Carpenter's Famtly. 
November, 1592. (2) 
(| ( Purchased, = - | = 2 | 5107" 161 Gaara 
| | ‘ 2 e as 4 | | 
31 Food, + Waste, - | ¥ I2/ 20 : 220 
my) 
[ | | Eaten, - Se o--ih +) Gyat] 100.7) 4 ee eee 
|| Estimated digestible nutrients in food eaten, 91 | 144 | 377 | 3260 
May, 1593. (3) 
| [ Purchased, - © -. - ‘>| 115’) a5 SigaGgaeee 
‘Waste, - : 2 - - 4 % fe) go 
11d) Food, < | / oes 
| L Hateny - - 5 és III [22 336 2065 
Estimated digestible nutrients in food een 103 117 327 | 2850 
Dietary of a Carpenter's Family, (4) | 
(| ( Purchased, <) © 20024 bj) 2047] 908 ae 
| | F Waste, = = - ~ = 3 8 I ‘ go 
214 | ood, | on 
| Eaten, “e-,-. =) = Gaye) OL ak tO Bi ae 
| Estimated digestible nutrients in food eaten, Thee 106 | 458 ooo 
Average of Nine Dtetaries as above. | | | 
( Purchased, - - . .| 118) 158 | 420 | 86065 
Waste, - - - = - 7 11 1 185 
Food, | eee ee 
Faten,? = : . - 106 142 406 3420 
| Estimated digestible nutrients in n food eaten, 97 | 187 9895 | 3295 
IIJ.—DI£TARY STUDIES AMONG PROFES- 
SIONAL MEN’S FAMILIES. 
Dietary of a Chemist's Family. (1) 
aN Food purchased and eaten,” - - = ("IIS 103 ‘| -436> aeTs 
Estimated digestible nutrients in food eaten,| 109 99 | 420 | 3090 
| Dietary of a Jeweler’s Family. (2) 
(| ( Purchased,  - - : - QI | 91267) .4832)35a0 
34 byiseee Waste, - - - - - 8 9 5 _ 140 
| | mis Bateny = - - - 837). 1197 ae eo 
| Estimated digestible nutrients in food eaten, 74 YI 463 | 3235 
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TABLE 45.—( Continued. ) 
: NuTRIENTS. aS 
g DIETARIES. a 48 > 
Z Sees toe es 
Bet rots ao ) 
a | we ce 
Three Dietaries of Station Agriculturist's Grams. Grams. Grams. | Cal. 
family, | | 
Winter, 1597. (3, | | 
( fePorchasediye (= ow 2106.4) 1457) 40s) aaa 
J Food 4 WSlO te mw | - | 7 | 6 | 7 he tte 
9 ’ | ape ee 
| Aten eee UH A as le 4 2299} 1395) SOU Na 338 
|_| Estimated digestible nutrients in foodeaten, 92 133 389 | 3210 
Sumner, 1893. (3) | | 
( Purchased, ~ : : Si org3as\ reocl gee aeen 
ud Waste; - . - - - 4 | 5 3) 85 
134) Food, aa | 
| beh a tene ere - “ - : 129 145 472 | 3800 
| | Estimated digestible nutrients in foodeaten,| 119 | 140] 461 | 3680 
fall, 1895. (6) | | 
( Purchased, 2 . ‘ TOS los oie 495) 4ecn 
| Waste,  - - - = - I 3 & 40 
1694 Food, | q 
| Eaten, - : - : 104 | 105 433 | 3180 
stimate igestible nutrients in ood eaten, Q7 IOI | 421 | 3005 
| | Esti d digestibl i in food 6 
Dietary of Three Chemists. (4) | 
( ( Purchased, - 2 2 Spiel oT TOONS CSS ties 300 
| Bond Waste, - “ a * = 8 16 160 
204 ood,- in eens aoe 
| | Eaten, - . A 3 ‘ LOSS 535 | 4140 
| | Estimated digestible nutrients in food eaten,| 106 152 | 520 | 3980 
Three Dietaries of a Chemist's Family. | | 
November, 1595. (5) | 
( Purchased, : 4 - ume eOd ) 122°) 3851) 3140 
44 Food: Wasten - - = 2 | 24 nae 260 
| Eaten; |= : - - 2 12. 98; |, 378 | 2880 
|| Estimated digestible nutrients in food eaten, O70 Gd 367 | 2775 
February, 1895. (5) | | 
28 Food purchased and eaten, % - = gt I50 399 | 3405 
Estimated digestible nutrients in food eaten, 84 144 3°94 3280 
May 15, 1895. (5) | i | 
( Purchased, Z “ z Seiearaaul 8155 4) 4140) 3050 
er ae Waste, - - - - - 2 8 4 |. 100 
leap — 
| | Wate) ae - - - - 122) LAT ALO e355 
| | Estimated digestible nutrients in foodeaten,; 114 141 400 | 3420 
Average of Nine Dietaries as above. | | | 
Pe rcignasec eer ere er t10 186) 442°) 3530 
Food 4 Waste, - = A . | ré 5 | 100 
Bate ee eel 10% 1 1994 487 1 9490 
Estimated digestible nutrients in foodeaten,, 99 124 426 3305 - 
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TABLE 45.—( Continued. ) 








































































































NUTRIENTS. é 
. =) 
alae 
oe : Lo > 
gE DIETARIES, 4 ‘ Ss 5 i 
2 6 ae 
A, a 
IV.—DIETARY STUDIES OF STUDENTS’ |Grams.|Grams.|Grams.| Cal. 
CLUBS. 
Dietary of a College Students’ Club. (3) 
ii Purchased, : - “ I13| | 180 | 3760) a6e0 
= as = . 4 ) O 
= Food Waste, a 19 39 | 30 __ 579 
yl | Eaten, er. - | 94] 1r4r.| 346 | 3110 
|| Estimated digestible nutrients in iced eaten,| 87 | 136 | 338 | 3005 
Dietary of a College Students’ Club, (4) | 
( ( Purchased, < - Es T13 | 160 343 | 3360 
m6 | ood: 4 Ware pec rs re 
| L Eaten. * : - z 104°}. 136" 1" 926 [soso 
|| Estimated digestible nutrients in food eaten, O7 et l3s 319 | 2925 
Dietary of a Divinity School Club. (4) | | 
[ ( Purchased, - - - - 138 | 185 | 356 | 3745 
4 Ra Woasterer(-ccaotaie Ieeee ay, aces bale LO) Ag ee : 660 
| | 
| |, Baten; >. ‘ - 122 | 138 3171-9085 
|| Estimated digestible nes in wkbed eaten, lis hse | 310 | 2990 
Dietary of College Ladies’ Eating Club. (4) | | 
( Purchased, =) «= ©» 4) -'}' 135 | 196 | ey ygeueaaee 
4 Road: Waste, - ae Gee . - 30 36} 47 ‘i 650 
| (aten == : : = - | 105 | 160] 3301] 3240 
|| Estimated digestible*nutrients in food eaten, 97 154 | 322 | 3150 
Dietary of a College Students’ Club. (5) | 
( Purchased, ~ 2) 2 | 937°) 1186) Seeger ge 
| Waste, ans- - - - . 33h. SSO n ate 675 
1244 Food, : | | — 
| \o Hater sis - A < A 104 156 | 494 | 3900 
| Estimated digestible nutrients in food eaten,| 90} 150]. 483-\93970 
Average of Five Dietaries as above. | 
Purchased, : 2 - - | 127; 181 | 402 3880 
pee Waste, - :. : - : 21 35 39 | 576 
’ ? . —_— eS | 
| Eaten, -- 3 106 | 146 368 | 3305 
Estimated digestible nutrients in feed eaten 98 | 141 | 864 | 3170 
V.—MISCELLANEOUS Digrary STUDIES. 
Dietary of a Widow's gia (4) | 
li Purchased, - - - TiOe WIL 512 | 3655 
we Food, 4 Waste, - - - - - é) 4 12 a TOO 
| Eaten - - - 3 TIO gar De 500 | 3555 
|| Estimated digestible nutrients in food eaten,| I02! 107 | 487 | 3410 
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TABLE 45.—( Continued. ) 
f NuTRIENTS. o 
2 eae 
= DIETARIES. a ene ‘a 
=) 25) re | wOa = 
Z 6 S | dd 5 
E SE Wes 
Pe Dietaries of a Swede Family, (4) | Grams.| Grams. Grams. Cal. 
March, 1894. 
( Purchased, 2 . <- (PeT2T he riGdh -4S0ntere oe 
ve Food, BNASUC 5: ; - ‘ aM 1) 4 | (il ei 
| eeatenn .. 3 : v - -| 118 112. 479 | 3490 
|| Estimated digestible nutrients in food eaten, 09%} 107 469 | 3365 
November, 1504. F 
( ( Purchased, = - “e337. 120 % 655%) 44go 
| z | . 
wr Rend: Waste, - : : ‘ res 6 [57 at4o 
\ | | . Pe ee 
Eaten, - S = sali 93 1 12S5e) OsOn eae 
Estimated digestible nutrients in food eaten,, 123  II9g 622 | 4160 
Dietary ofa Family in Hartford, Conn. (6) 
9 [ Burchacedt en met = B71 76) B10 (Mares 
| Waste, - - - - -| — | I I 15 
234 Food, | Es 
| (eb aten years 2h =k 87 75 | 509 | 3140 
|| Estimated digestible nutrients in food eaten, yy 72 498 | 3025 
Dietary of a Laborer’s Family in Hartford, | 
Conn. (6) | 
( ( Purchased,» - ‘ ee PE TOO NGO? ASA keane 
| eee Waste, - - - - - Te 2 2 30 
244 | - 
| ba bvatene: = 2 : - TOS um aLOOn) (43290 3145 
| Estimated digestible nutrients in food eaten,, 99] 96 | 422 | 3030 
Dietary of a Private Boarding House. (6) | | 
of Purchased, : - - - 96 | 133 | 343 | 3035 
| REE atemgeee sce a: ~~ - 925} 119; 339: | 2875 
|| Estimated digestible nutrients in food eaten, 86 116 230) |. 2785 
Dietary of a Man in the Adirondacks in ' 
Midwinter. (6) 
Food eaten,” - - - - - - 200 216 307 | 4335 
175 Estimated digestible nutrients in food eaten,) Igo 209 358 | 4190 
Dietary of a Camping Party in Maine. (6) 
re Food purchased, - - - - - 172 261 5334 5320 
7 Estimated digestible nutrients in food eaten,) 159 251 Bat |) spo 
Dietary of Sandow, ‘‘ the Strong Man.” (7) 
179 Food eaten, - - - - - - 244 LS In| 502 swA4G2ee 
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TABLE 45.—( Continued. ) 








NUTRIENTS. 





oO 
e a 
D . a 
oO f vs 
DIETARIES. d : dv - 
3 Ae 3s =f o 
Z S) fy SU 5 
o Ow fy 
Ay Gi 











Average of Nine Dietaries above, except | Grams.| Grams. | Grams.| Cal. 


NOS) 275,190" GNA T70; 


( Purchased, 9 =~) = w+.) .~ po 112499110 7 eeeeeeooe 

F | Waste, - . - - - 3 7 90 
ood, feet) Bal 
iP Hatenga. = ; - - - | 109 107 4.94819. 3210 


Estimated digestible nutrients in foodeaten,, 99| 103 | 471 | 3295 





Average of 38 Dietaries above (all except 
Nos. 175, 176. and 179.) 





( Purchased, - ‘ < - 111 140 447 | 3595 

F | Waste, - = = - = vg ll 13 185 
ood, { =e ws Be 
| Eaten, - - 2 2.) 2 Soa ee ae 














Estimated digestible nutrients in food eaten,|, 96 | 124 | 423 | 8285 





(1) Report of this Station, 1891, pp. 90-106. (2) lbid, 1892, pp. 135-162. (3) Lbid, 1893, 
PP. 174-190. (4) bid, 1894, pp. 174-201. (5) Lbtd, 1895, pp. 129-170. (6) This Report, 
PP1r7-158., (7). Lbzd, pp. 158-162: 





DIETARY STUDY OF SANDOW, THE “STRONG 
MAN.”’ 


BY .C. F.-LANGWORTHY, PH. Di, AND GW. 7h eee 


——+e—_ 


The information regarding the diet of professional athletes 
is very limited. In 1870, dietary and metabolism experiments 
were made with the professional pedestrian, Weston.* He- 
walked 317% miles in five consecutive days, covering 92 miles 





* Austin Flint, Jr.: New York Medical Journal, 1871, p. 609. 





NotE.—This report of a dietary study, which is of especial interest on account 
of the very remarkable strength as well as the muscular activity of the subject, 
has been kindly furnished by the authors for publication in the present Report. 
The observations were made in Washington, D. C. The authors express their 
appreciation not only of the interest which Mr. Sandow manifested in the inves- 
tigations, but also of the kindness of the proprietor of the Hotel Regent and of 
Flarvey’s restaurant, where the observations were made. They also express the 
hope that it may be possible at some future time to make more extended and 
accurate experiments, which shall include the metabolism of the food consumed. 
For convenience in comparing with other dietaries studied by institutions coép- 
erating with the Department of Agriculture, this is designated as No. 179 of 
the series. WoO. A. 
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in oneday. His food consisted of beef extract, oat meal gruel, 
raw eggs, and a very little brandy and champagne. ‘The diet 
was estimated to contain 82.5 grams of protein. During the five 
days immediately following the severe exercise his diet was much 
more abundant, including considerable meat. It was estimated 
to contain 181 grams of protein. The conclusion was reached 
that severe muscular exercise increased the metabolism of 
protein. 

A dietary study was made of a college foot-ball team in active 
training at Wesleyan University in 1886.* The investigation 
was made toward the end of the foot-ball season, and although 
the exercise was vigorous, and at times severe, the members 
were of the opinion that they did not eat as heartily as earlier 
in the season. ‘The diet contained 181 grams of protein. So 
far a8 is known, no other experiments have been made with 
athletes. 

During an engagement of Mr. Eugen Sandow, the “strong 
man,’’ in Washington, January, 1896, an attempt was made to 
determine the character and amount of the food he consumed. 
Mr. Sandow claims to be the strongest man in the world, and 
substantiates this claim by performing many wonderful feats 
of strength, one of which is the raising of a 300-pound dumb- 
bell above his head with one hand. He isa German by birth, 
and is now 29 years old; is 5 feet 9 inches tall, and weighs 200 
pounds. His waist measures 28 inches; his chest, 47 inches, 
expanded 61 inches; upper arm, contracted 19% inches; fore- 
arm, 16% inches; thigh, 27 inches; calf, 1714 inches; and neck, 
18 inches. He states that in his youth he had no phenomenal 
muscular development, but acquired his present muscular con- 
dition by training. ‘This training was begun nine years ago. 
At the present time he does not take regular muscular exercise 
other than his professional work. He has the appearance of 
perfect health. 

Mr. Sandow does not follow any prescribed diet, but eats 
whatever he desires, always being careful to eat less than he 
craves, rather than more. He eats very slowly. He sleeps 
very late in the morning. Sometimes he takes a cup of weak 
tea and a little bread in the morning, but usually his first meal 
is eaten about noon. He eats again about 6 o’clock, and again 





* W. O. Atwater: U.S. Dept. Agr., Office of Experiment Stations, Bulletin 21, peiasz: 
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about midnight, after his exhibition of feats of strength is over. 
He smokes a good deal, and drinks beer and other alcoholic 
beverages. 

In the present experiment it was necessary to limit the period 
of observation to one day. The plan followed was to weigh 
each article of food as it was served to Mr. Sandow, and then 
weigh what was not consumed. ‘Three meals were eaten; 
dinner and breakfast at the hotel where he was stopping, and 
supper at a restaurant. He rejected all the visible fat of the 
meat. No other marked peculiarity was observed. 

In compiling the data obtained, the composition of the food 
was calculated from standard tables (Atwater’s* and Konig’st). 
It was assumed that 1 gram of alcohol was equal to 1. 71 grams 
of carbohydrates. ‘The figures used are those given in table 46. 
The amount of food consumed at each meal, its composition, 
and the estimated fuel value are shown in table 47, 


TABLE 46. 


Estimates of composition of food materials used in computing the 
Sollowing dietary. 



























































COMPOSITION, COMPOSITION. 
Foop. : é g Foop. S } s 
a Ce a, ee 
ho ho fh h % to 
Oysters, - molten (eu eae Oe 3.7 || Ice cream, = he A 6.34 220rm 
eoup (dinner), ="\> 52°] £619:) 2.85 Cakate . =| gi6 5.9 | 60.5 
Welery a. «- Ee Ory Sea ee i 3004) DULLER Ag = -| — 82.4 — 
Fish, - lh a G se I.o; — Bread, tyes) <q. toe 0.7 | 55.9 
Potatoes, - Sp S27 <0 320 (22. Bund sheeserae <1)" 23 Os too tee eve 
Oyster plant, -| 1.1 eh Oe5 4) eee Ue Water biscuit, ba RSE 4.4.1) Face 
CIPCeN DEAS, | ta 30 Coen. Or 6* it peer ts 0.5 — Ake 
Tomatoes, wih ae see 0.2 4.0 Soup, vegetable, 2.9 |. = 0.5 
ietead ie ral (oOo 5, cin, chy 2 ae Bebe one eae see - | 20.8 9.9 aoe 
Roast beef, -| 25.0 | 14.8 — Bread pudding,| 3.6 3.7 One 
Chicken, - =" 20.5 °1" 3040 —_— 








* The Chemical Composition of American Food Materials (U. S. Dept. Agr., Office of 
Experiment Stations, Bulletin BWV 


+ Chemie d. menschlichen Nahrungs ana Genussmittel, Vol. I. 
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TABLE 47. 
Dietary No. 179. Food consumed in one day. 









































NUTRIENTS. Ny 
ae Foop CoNnsuMED. , a: < iF = S 
? (Quantities in Ounces.) 3 A 8s 2 B Sy 
s | a | &o | a8 | 2 
Ay a 
Jan. tro. LbsaLbs2 Lbs: a Cal: i: 
(| 2 oysters, 10 soup, I celery, 3 ] | 
fish, I potatoes, 2 oyster | 
plant, I green peas, I toma- | | 
Dinner, + locesn2 bread, 2-roast beef, >| 17 4 214 )- 9.34 | 2 a 
| oy chicken« q@ice.cream, 3 
orange sherbet, % cakes, I 
E butter, Ir wine (Burgundy), ) 
(| 8 roast beef, 7% rye bread, } | 
| I | | 
314 Camembert cheese, 2 ay 
Supper, + water biscuit, 31% cakes, r .20 | .14 FOr — 
[ Aas. Deer," ¢- - - J 
Rad A (| 9 vegetable soup, 2 potatoes, | 
Hiei | 3 veal (breaded chop), % | | 
Path 4 erecm peas; 2 Toast» beef, }) .Trsp-.05 | 216.) — _- 
; | 4% bread pudding, % cakes, | | 
| Parveer se - - - -J 
Total in pounds, - - AMIPNeS3 hed ok 1 A402) Mase 
Total in grams, - - 244 | I5I 502 a a 














* Sandow sat a long time with friends after supper, and consumed a large part of 
the beer during this time. 


+ This was the regular lunch served at the hotel. 


It will be seen that the heaviest meal was consumed very 
soon after the severe exercise. It is not claimed that the 
figures here given are perfectly accurate. The time of obser- 
vation was very short and the diet was very varied. It would 
seem, however, from his own statements and from what we 
were able to observe, that the food of the day selected for the 
experiment was a fair average for Mr. Sandow’s dietary habits. 
It is probable that the fat as computed is somewhat too high, 
since all the analyses of meat given in the standard tables 
refer to samples which contain visible fat, while, as noted 
above, Mr. Sandow rejected all the visible fat of the meat 
served him. It is, however, believed that no serious error was 
made in computing the composition of the food from tables 


rather than from analyses. 
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In the following table Sandow’s dietary is compared with 
those of Weston, the foot-ball team, and the commonly accepted 
dietary standards for men at moderate and severe work: 






































TABLE 48. 
Comparison of daily dietaries and dietary standards. 
NUTRIENTS, 
igs | 8 
n 2 50 BLS 
SUBJECT. d oo 30 |‘cS 
2 | 2°) 2 
Lo} | 
2 ices | 
| Grams. | Grams. Grams.| Cal. | 1: 
Sandow, - 2 2 - : ‘ So 244 Wee T 502 | 4462-1 3.4 
Weston (walking),  - - - - 5°83 = — ee 
Weston (after walking),  - - - AT Sk — — —_- — 
Foot-ball team per man, - - S - | I81 292 557 | “5 740s oem 
Man at moderate work (Voit), - - ~ aed 56 500 | 3055  — 
Man at moderate work (Atwater), - a TQ — — 3500 5.8 
Man at hard work (Voit), - : - - 145 100 450. |:3370 | == 
Man at hard work (Atwater), - - mae TO — — | a5 OCn aes 





The total amount of food consumed is rather more than the 
average, though in his own opinion Mr. Sandow is not a large 
eater. This is in accord with the general conclusion reached 
in many investigations made with laboring men, that severe 
muscular exercise requires an abundant diet. 

It will be seen that while the amount of carbohydrates and 
fat consumed does not differ very greatly from the standard 
for a man at muscular work, the amount of protein is very 
large and the nutritive ratio is very narrow. 

The fact that so much protein is consumed is of especial 
interest. Zuntz* has advanced the opinion that the energy 
which is used in the production of severe muscular labor is 
furnished by the combustion of protein, while the energy for 
long continued, but not very severe, exercise is furnished. by 
the combustion of carbohydrates or fat. ‘Ihe exercise per- 
formed by Mr. Sandow is very intense, and the large consump- 
tion of protein is in accord with Zuntz’s theory. 





* Experiment Station Record, VII., p. 538. 
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EXPERIMENTS ON THE DIGESTION OF FOOD 
BY MEN. 








REPORTED BY W. O. ATWATER. 


The Reports of this Station have contained accounts from 
time to time of digestion experiments with animals. The object 
of the present article is to describe the methods and results of 
experiments upon the digestion of different food materials by 
healthy men. As investigations of this particular kind are new 
in the United States a brief account of the purpose and plan of 
the experiments may be in place.* 

The value of food for nutriment depends not only upon the 
amount of nutrients it contains, but also upon how much the 
body can digest and use for its support. 

The question of the digestibility of food is very complex, and 
the current ideas regarding it are more or less indefinite and 
confused. One source of this confusion is the fact that what 
people commonly call the digestibility of food includes several 
very different things; some of which, as the ease with which a 
given food material is digested, the time required for the 
process, the influence of different substances and conditions 
upon digestion, and the effects upon comfort and health, are so 
dependent upon individual peculiarities of different persons, 
and so difficult of measurement, as to make the laying down of 
hard and fast rules impossible. Why it is, for instance, that 

some persons are made seriously ill by so wholesome a material 
as milk, and others find that certain kinds of meats or vegeta- 
bles or sweetineats ‘‘ do not agree with them,”’ it is difficult to 
explain. Late investigation, however, suggests the possibility 
that the ferments in the digestive canal or elsewhere may, with 
some people, cause particular compounds to be changed into 
injurious or even poisonous forms so that sometimes it may be 
literally true that ‘‘ One man’s meat is another man’s poison.’’ 
” * Detailed statements regarding the methods and results of inquiry in this direction 
may be found in Bulletin No. 21 of the Office of Experiment Stations of the United 


States Department of Agriculture on “ Methods and Results of Investigations on the 
Chemistry and Economy of Food.” — 
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The digestion proper, by which we understand the changes 
which the food undergoes in the digestive canal in order to fit 
the digestible portion to be taken into the body and lymph and 
do its work as nutriment, is essentially a chemical process. 
About this a great deal has been learned within comparatively 
few years, although but comparatively little of the results has 
yet found its way into current literature. 

The subject studied in the experiments here reported is a 
still different one. It has to do with the quantities of material 
actually digested from food as ordinarily eaten. ‘The question 
is, What proportion of each of the nutrients in different food 
materials is actually digestible? In meat or bread, for instance, 
what percentages of the total protein, fats, and carbohydrates 
will be ordinarily digested by a healthy person, and what pro- 
portion of each will escape digestion ? 

The proportions of food constituents digested by domestic 
animals have been‘a matter of active investigation in European 
agricultural experiment stations during the past thirty years. 
During the past fifteen years not a little has been done in some 
stations in the United States. The experiments on digestion 
by sheep carried out by the Storrs Station belong to this class. 
The method consists in weighing and analyzing both the food 
consumed and the intestinal excretion. Since the latter rep- 
resents very nearly the amount of food undi gested, if we subtract 
it from the whole amount taken into the body the difference 
will be the amount digested. 

Such experiments upon human subjects, however, are ren- 
dered much more difficult by the fact that in order that the 
digestibility of each particular food material may be determined 
with certainty, it must not be mixed with other materials, 
Hence the diet during the experiments must be so plain and 
simple as to make it extremely unpalatable. An ox will live 
contentedly on a diet of hay for an indefinite time, but for an 
ordinary man to subsist a week on meat or potatoes or eggs is 
a very different matter. No matter how palatable such a 
simple food may be, at first, to a man used to the ordinary diet 
of a well-to-do community, it will almost certainly become 
repugnant to him ina few days. In consequence, the diges- 
tive functions are disturbed and the accuracy of the trial 
impaired, a fact, by the way, which strikingly illustrates the 
importance of varied diet in civilized life. 
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Digestion experiments with men living on an ordinary mixed 
diet present no serious difficulty and it is fair to assume that 
the results may often be nearer approximations to the normal 
digestion than those of experiments with single food materials. 
The experiments here reported have been with single food 
materials and with mixed diet. ‘Those with mixed diet are of 
the most consequence for the present report, not only because 
they apparently represent more nearly the digestibility of foods 
as ordinarily eaten, but because of the use made of them in a 
discussion in the article which follows. 

In a compilation of the results of investigations of this sort . 
made previous to 1895,* accounts were given of all the experi- 
ments which the writer and his associates found in the litera- 
ture of the subject and which seemed accurate enough to be 
used for statistical inferences. Nearly all the experiments had 
been made in Europe; more had been made in Germany than 
in any other country. The total number of individual experi- 
ments included in the compilation was less than one hundred 
and fifty. Of this number 114 were with men, five with 
women, and 13 with children. It is evident, therefore, that 
the results thus far obtained are far from sufficient, and 
the desirability of further inquiry in this line is very 
clear. In connection with the investigations on the nutrition 
of man which are being carried out by the Department of 
Agriculture in Washington in cooperation with experiment 
stations and other institutions, quite a number of digestion 
experiments have already been made and others are in progress. 
There is reason to hope, therefore, that results of no little value. 
will gradually accumulate.. 


EXPERIMENTAL METHODS FOLLOWED. 

As the methods in common use for investigations of this 
sort have been described by the writer elsewhere,* a detailed 
description is hardly necessary here. It will suffice to say that 
in the experiments here reported the food and the feces were 
analyzed by the usual methods, and that the weights and com- 
position of the materials are taken as showing the total amounts 
of nutrients in the food and the amounts left undigested in the 
feces. Subtracting the undigested residue from the total 
amount shows the amount actually digested. 


* Bulletin 21 of the Office of Experiment Stations, pp 56-73. 
12 
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This method involves two errors. One results from the 
imperfections of the current methods of chemical analysis, the 
other is due to the fact that the feces contain certain amounts 
of material other than undigested residue of the food—the so- 
called metabolic products. It is safe to assume, however, that 
the errors of analysis are not large. The metabolic products 
are mainly residues of the digestive juices, mucus, and the epi- 
thelium mechanically separated from the walls of the alimentary 
canal. While the quantities of these metabolic products are 
small they are, nevertheless, sufficient to make it desirable that 
allowance be made for them in accurate experimenting. No 
method has yet been devised for their exact determination, 
however, and it is customary not to take them into account 
but to regard them as belonging to the undigested residue of 
the food. As they represent material which is used for the 
purposes of digestion, and hence is not available to the body 
for the formation of tissue and the yielding of energy, this 
method of treating them as if they were undigested food 
involves practically no error so far as the value of the food for 
the principal purposes for which it is used, namely, to furnish 
the body with nourishment. 

Hxperimenters employ various methods for distinguishing 
between the undigested residue of the food, the digestibility of 
which is being tested, and the residues from the food eaten 
before and after the experiment. The method here followed 
involves the use of milk and charcoal. For the meal immedi- 
ately preceding the experiment—generally the supper of the 
day before the experiment begins—the subject drinks a mod- 
erate amount of milk. With this he takes a quantity of very 
finely divided charcoal, which is enclosed in gelatine capsules, 
and is easily swallowed. ‘The feces from this milk have a con- 
sistency and color which makes it possible to separate them 
from those of the food which is taken for the succeeding meal. 
In the same way milk and charcoal are taken for the meal fol- 
lowing the last one of the experiment. The separations by 
this method have proved quite satisfactory in our experience. 


COEFFICIENTS OF DIGESTIBILITY. 


The proportions of ingredients digested, when expressed in 
percentages, are commonly designated as coefficients of digesti- 
bility. Thus in experiment No. 4 (see table 49 beyond), the 
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subject received 463 grams of protein in the food, of which 11 
grams were excreted by the intestine. This latter amount, 
which is here taken as representing the undigested protein, 
makes 2.4 per cent. of the total protein. Subtracting the 11 
grams of undigested protein from the 463 grams of protein 
eaten, the remainder, 452 grams, makes 97.6 per cent. of the 
total. This is taken as the measure of the protein digested, 
and is thus the coefficient of digestibility of the protein in this 
experiment. By comparing the coefficients of digestibility, 
as found in a number of similar experiments, averages are 
obtained for general use. 

Statements regarding the methods of estimating the fuel 
value are given on pages 177, 178. 


THE DETAILS OF THE EXPERIMENTS. 


The tables and descriptions which follow give accounts of 
fourteen individual experiments made with several different 
persons. The subject of Nos. 1-5 and 9-12, inclusive, was the 
laboratory janitor who acted as the subject of respiration ex- 
periments Nos. 1 and 2, above described. Experiment No. 6 
was made with three chemists who ate together of the same 
food. As this experiment involves the measurement of the 
income and outgo of nitrogen, and was carried out with 
unusual care, it is treated by itself. The subject of Nos. 7 
and 8 was an infant. The experiments are reported beyond 
by Mr. Bryant. ‘The subjects of Nos. 13 and 14 were gentle- 
men engaged in experimental inquiry. 

The results of experiments Nos. 1-5 and 9-14 are given in 
some detail in table 49. In connection with this are descrip- 
tions of the individual experiments. 
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TABLE 49. 


DIGESTION EXPERIMENTS WITH MEN. 
Nos. I-5 AND 9-I4. 
Kinds, weights and composition of food materials and of undigested 
residues, with percentages of nutrients digested. 



































































































































fe} PERCENTAGE COMPpO- WEIGHTS AND PERCENTAGES 
4 ; SITION. DIGESTED. 
Con ee 
Foop MatTERIALS. e oh ; cmt la feel Mets, Rel aC: ; 
Bila o| apes se d/e2/-5 | 3/83) 98 
5 le Ocoee Be ks eS ao a 
Cees 
Lixperiment No, 1 Gms.|.¢% | 4 % m * Cal. |Gms.|Gmsd mesons Cal. 
Milk, - - - 14143/4311| 3.5) 4.9] 4.7] .842] 564 151] 211| 202) 3630 
Milk, - - - |4144/2868) 3.2) 4.1) 4.6] .767| 341| 91} 119} 131) 2200 
Tota, - -|—|—/]—j]—] — | — | gos) 242] 330] 333] 5830 
Feces, - - - | 573) 118/24.3) 9.0) 44.1/6.003|° OT) 26) (10a ae 
Net am't digested, | — | — | — | — | — | — | 814) 213] 320 281. pe 
of of of Gg, 
fo | fe fo | fh 
Percent. digested, | — |] — | — | — | — — |90.0/88.1/97.0/84.4| a 8 
Experiment No. 2. lGins |Gms [GmelGmaieel 
Milk, - - - 14146/4756) 3.8) 5.5) 4.2] .g15| 641) 181| 262) 198] 4352 
Milk, -  - = - [4147/4741] 4.0) 5.7} 3.9] .953] 643) 190) 269] 184] 4518 
Milk, - - - |4148/3165] 3.5) 4.3] 4.1] .812| 380) 113 137| 130} 2570 
Total, - -|—}]—}omy me] — |1664 484) 668) 512/11440 
Feces, - - - | 574) 20T/21.9/14.9| 38.4/5.732] 151; 44) 30] 77} I2T5 
Net am’t digested, | — | — | — | — | — — |1513| 440) 638 435 9842 
% | % % % % - 
Percent. digested, | — | — | — | — | — | — |g0.9,90.9'95.5|85.0] 89.4 
Experiment No, 3. Gicne Gms./Gms.| Cal. 
Flour (as bread), - | 575 1447|13.3] 1.3] 74.0|3.903/1@82 193) 18/1071} 5648 
Sugar, - - - |2722 201; — | — |100.0/3.987| 201 — | — | 201] 8or 
Total - SU UCAS eek Cai ee Das arte 1483 I193| 18/1272 ie 
; | | 449 
Feces, - - - 585 69/49.5|14.6) 23.6/5.143| 60) 34! 0! 16 355 
Net am’t digested, | — | — | —|— | — | — |1q423 159, 8/1256 5956 
| b |) 6.) 91S a ae 
Percent, digested, | — |— | —] —| — | — 
ercent. diges 95 .9/82.3 45.4/98.7| 92.4 
Lxperiment No, 4. | Gms. Gms.'Gms./Gms.| Cal 
Flour (as bread), - | 575/1500|13.3, 1.3] 74.0|3.903|1329) 200. 1 
’ .0]3. Q|IIIO| 5854 
Milk, - = - |4153'3496) 3.8 5.9] 4.9|1.007/ 510] 133 206] 171 3520 
Milk, - - - |4154/3656 3.6 6.2) 4.3/1.006] 514) 130) 227] 157 3678 
Total - -{|—}|—}|—|]— ei ae 163) 452|143811 2 
; | 3052 
Feces, - - - |2503) 45 24.8 10.6 303) 5232) eyo 5| 16} 238 
Net am’t. digested, |) —4) =) | —|— — |2321| 452) 447|1422 r243t 
| | Z\%\%)%1 ¢ 
Percent. digested, | —! — | — | — | — | — 1|98.6'97.6'98.9 98.9 95.2 
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DESCRIPTIONS OF INDIVIDUAL EXPERIMENTS. 


Lxperiment No. 1.—Kind of food: Milk. Subject: Laboratory janitor. Age: 
28 years. ‘eight (without clothing): 67.6 kilos (149 lbs.). The experiment 
commenced with breakfast, October 23, 1894, and ended with dinner, October 
24, making 5 meals. 

The charcoal for the separation of the feces was taken with the milk of the 
first meal, so that the colored feces were included in the amount collected for 
analysis. The second separation was made with milk and charcoal for the next 
meal after the end of the experiment, z. ¢., for supper, October 24. The large 
weight of the feces suggests the idea that the first milk may flush the intestines 
so as to carry metabolic products or material with the feces which do not belong 
to the milk. This, if true, would account not only for the very large excretion, 
but also for the low digestibility of protein indicated. Asa matter of fact, the 
excretion for the first day was very large, and for the remaining time, two-thirds 
of a day, very small. The subject experienced no discomfort from his diet and 
performed his duties about the laboratory as usual. Since the results,do not 
appear to be entirely trustworthy, as indicating the proportions of nutrients 
digested, they are not included in the summary in table 53. 


Lixperiment No. 2.—Kind of food: Milk. Subject: Sameasin No.1. Weight 
(without clothing): 67.6 kilos (149 Ibs.). The experiment commenced with 
breakfast, October 29, 1894, and ended with dinner, October 31, making 8 
meals. ‘The separation of the feces was the same as in Experiment No. 1, and 
the same remarks apply. 


Experiment No. 3.—Kind of feod: Flour (as bread), and sugar. Szdzect: 
Same as in Nos. 1 and 2. Weight (without clothing): 67.6 kilos (149 Ibs.). 
The experiment commenced with breakfast, November 6, 1894, and ended with 
dinner, November 8, making 8 meals. The separation of the feces was made 
by means of milk and charcoal taken as the last meal preceding the commence- 
ment and the first meal after the end of the experiment, z. e., supper, November 
5, and supper, November 8. The division was made so that none of the col- 
ored feces were included in the portion analyzed. This is the usual method of 
separation and was followed in all subsequent experiments. The flour was 
made into bread, for which 1447 grams were used, with salt and baking powder, 
but without fat for ‘‘shortening.’”’ The resulting bread weighed 2312 grams. 
This experiment is defective in that the loss of material during the process of 
baking is left out of account. Late experiments* indicate that the loss of fat 
in the baking of bread may be very considerable. For this reason, and because 
of the very small amount of fat present even in the uncooked flour, as well as 
the doubtful accuracy of fat determinations by the ordinary methods, especially 
in feces, the figures for the digestibility of the fat are not given. 


Experiment No. 4.—Kind of food: Flour and milk. Swdzect.- The same as 
in the preceding experiments. Weight (without clothing): 67.6 kilos (149 Ibs.). 
The experiment commenced with breakfast, December 12, 1894, and ended with 
dinner, December 14, making 8 meals. The separation of the feces was made 
by milk and charcoal, as in experiment No. 3. Flour to the amount of 1500 
grams was made into 2436 grams of bread, as in the preceding experiment. 
The statements regarding the fat in the bread apply here as in experiment No. 3, 
but inasmuch as the fat of the flour or bread is so small in amount as compared 
with that furnished by the milk, the figures for the amount of fat digested are 
no doubt reliable. 





* See Bulletin No. 35, Office of Experiment Stations, United States Department of 
Agriculture, pp. 14 to 17. 
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TABLE 49.—( Continued. ) 















































































































































ce) PERCENTAGE COMPO- WEIGHTS AND PERCENTAGES 
ZA SITION. DIGESTED. 
fags ps fe] 
Foop Marteriats.- | $ o F r4¢iddilgele ig : 
Sl een ce 3 82 Ps ap ear) a |38 os 
a e/a | eg | vO | Ms) S| & | eo] gs 
H ai Ol) Sal Ory [pate ante 
Experiment No. 5. |Gms.| 4 | & % Cal. |Gms./Gms./Gms.|Gms.| Cal. 
Milk, - -  - |4155/4647| 4.2) 5.6} 4.4) .977| 662) 198) 260] 204] 4540 
Milk, - ‘“~  - {4156\4051| 3.8) 5.8) 3.9) .g13] 548] 154) 235] 159} 3698 
Milk, - : - 4157/4658) 4.0) 3.6) 4.7 .778| 574) 186) 168) 220) 3624 
Total, , -- 9- |= | =] 4] = | 11784) 533) 0Gs)ie oe ee 
Feces,- - — - [2504) 140/17.0) 9.1) 43.7/5.617| 98} 24) 13] 61| 826 
Net am’t digested, | — | — | — |— | — | — {1686| $4) 050) 522)168a9 
2) & BE 
Percent. digested, | — | — | — | — | — | — |94-5/95.6/98.1/89.5] 89.3 
Experiment No. 9. | Gms. Gms.|Gms.|Gms.) Cal. 
Bread, - «= |2643/1548] 8.4] .1) 48.7/2.563] 885] 130] 1] 754] 3968 
Sugar, - |2722| 155) — | — |100.0/3.987| 155| — | — | 15s) 9 Gis 
Totals ae -;—)}/—]|—|—] — | — |1040!} 130 I} 90g! 4586 
Feces, - : - |2644| 27/38.7/16.6) 21.65.345) 21) 11 4 5|_ 144 
Net am’t digested, | — | — | — — | — |IOI9g} 119] * | go4| 4338 
| | 1% |%|%) & 
Percent. digested, | — | — | —|— |} — | — |98.0\91.9] — (99.4| 94.6 
Lxperiment No. ro. | Gms.'Gms.|Gms.|Gms.| Cal. 
Cooked beef, round, }2681) 852/23.7/16.9) — 2.910 346) 202| 144] — | 2479 
Milk’ - ‘ - |4191/3300] 3.4) 4.3} 5.0) .836) 418) 114] 140] 164] 2759 
Butter, - = A420) 175). OSS STl m7 OF owe n> I} 154, — | 1395 
Oatmeal, -,  ~./2682) 200/17,8) 7.0) 66.214.412) 182|>° 36) 14a oree ee 
Bread, - - |2680 1865; 9.6, .2) 53.9 2.813/1187| 179 31005) 5246 
Sugar, - PP isn ty lake — |100.0/3.987 184) — | — | 184) 734 
otal, - ) ee ee) ae) 2a 
Feces,- - =~ |2763/ 93/31.8|/16.5) 24.5|5.085} 68} 30) 15]. 23) 473 
Net am't digested, | — | — | — | — | — | — [2404] 502] 440|1462/12585 
. | $b | o>) ig eg 
Percent. digested, | — | — | — | —| — | — |97-3/94.4/96.7/98.5| 93.3 
Lxperiment No. 11. | | Gms./Gms.|Gms./Gms.| Cal. 
Beef, fried, - - |2696| 604/29.0] 9.8) 1.0/2.494] 240) 175| 59} © 6] 1506 
Eggs, boiled, - |2695| 497|14.4/11.3| — |1.897| 127| 71} 56| — | ro6r 
Butter, - - 14238) 175) :9/86.3} — (8.122) 153 2) 151) —))Pirg2r 
Cheese, - - |4228) 300|26.8/24.5| . 1.2|4.2I19] 158} 80] 74 4| 1266 
Milk, - - - |4227/4400| 3.6) 4.2} 5.4) .836) 582) 159] 183]. 240] 3678 
Crackers,  - - |2097| 396) 5.5/12.3/ 75.214.679] 368) 22) 48] 298] 1852 
Bread, ; - |2693/1250] 9.2| .2| 50.3/2.681) 746) 115 2|- 629) 3351 
Potatoes, boiled; + (2694)'755!2.2) i 16.2, 7e yet dOeer? I] 122] 594 
Sugar, - - |2722|, TOO} — | —~-|100,0)/3.987), 100); — "= NOG saaaas 
Total - -|/—|—|— — — |2614| 641} §74|1399|15128 
Feces, - - - (2764) 102/25.9|/14.6 28.914.903| 71} 26 “ 915] 30), 500 
Net am’t digested, | — —) — — |2543) 615] 559\1369|/14093 
. Z| %|%|%| 
Percent. digested, | — | — | — | — | — — 197-3'95.9\97.4197.9| 93.2 











* See description of experiment on opposite page. 
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Experiment No. 5.—Kind of food: Milk. Subject: The same as in the pre- 
ceding experiment. Weight (without clothing): 67.1 kilos (148 Ibs.), at the 
beginning, and 65.8 kilos (145 lbs.), at the end of the experiment. The experi- 
ment commenced with breakfast, December 19, 1896, and ended with supper, 
December 21, making 9 meals. The separation of the feces was made with 
milk and charcoal in the usual manner. 


Experiment No. 9.—Kind of food: Bread and sugar. Subject: Laboratory 
janitor as in the preceding experiments. Weight (without clothing): 67.6 kilos 
(149 lbs.). The experiment commenced with breakfast, September 16, 1895, 
and ended with supper, September 17, making 6 meals. The separation of the 
feces was made as above, but was not as well defined as usual. The milk and 
charcoal feces from the supper of September 15 appeared partly on September 
17 and the remainder September 18. Grape seeds from grapes eaten on the 
evening of September 14 were scattered through the milk and charcoal feces and 
a few were in the feces from the bread and sugar. To learn whether this lag in 
the passage of the grape seeds through the intestine was normal, grapes were 
eaten heartily for dinner, September 20, the seeds being swallowed. Supper 
consisted of milk and the following breakfast of bread. The grape seeds were 
scattered through the feces of the milk, of the bread and of the food next fol- 
lowing the bread. 

This experiment is practically a repetition of No. 3, except that in this 
instance the bread was analyzed, while in the former the flour from which the 
bread was made was analyzed. It will be observed that the amount of ether 
extract in the feces was larger than that in the bread, though the quantities in 
both were small. These results illustrate very forcefully the difficulty of accu- 
rate estimates of digestibility of fats by the current methods. 


Experiment No. 10.—Kind of food: Mixed diet. Sudzect: Same as in the 
preceding experiments. Weight (without clothing): 67.1 kilos (148 lbs.). The 
experiment commenced with breakfast, January 28, 1896, and ended with 
dinner, January 31, making eleven meals. This experiment, with what may be 
called a mixed diet, represents more nearly normal conditions in this respect 
than any of the previous ones. The results would seem on this account to be 
more trustworthy as representing the digestibility of the nutrients in an ordinary 
diet. Accordingly the data of this experiment are used with those of Nos. 6, 
II, 12, 13 and 14, which were also with mixed diet, for the computations of 
table 53, beyond. 


Experiment No, 11.—Kind of food: Mixed diet. Subject: The same as in 
the preceding experiment. Weight (without clothing): 66.9 kilos (147% lbs.). 
The experiment commenced with breakfast, February 15, 1896, and ended with 
dinner, February 19, making 14 meals, of which the last seven were taken in 
the respiration apparatus as respiration experiment No. 1, previously described. 


The cheese in the experiment was not burned in the bomb calorimeter, as the 
sample had decomposed before the combustion could be made. The heat of 


combustion was estimated from the values obtained from a similar cheese. The 
beef was round steak chopped fine in a meat cutter and mixed with a little 
onion and fried. The crackers were ordinary ‘‘ milk crackers.” The bread was 
made of rye and wheat flour and was such as the subject was accustomed to eat 
at home. 
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TABLE 49.—( Concluded. ) 






















































































fe) PERCENTAGE CoMpo- WEIGHTS AND PERCENTAGES 
A ’ SITION. DIGESTED. 
ee Rae's | 
Foop Marteriats. | 5 - s re dea ke se ag 3 
P/F |S) 2) e2 Gee 8s) 2 | eee) Be 
a Fie Se [5 Oss] & |= eee 
i Au ao lf © a a 
LExperim’t No, 12. Gms.| ¢ % % Cal. |Gms.|Gms.|Gms./Gms.| Cal. 
Beef, fried, - 2699] 515/31.1/11.1, — |2.788] 217) 160] 57, — | 1436 
Eggs, boiled, ~- |2698} 498|/13.6/13.0] — |2.043) 133) 68] 65| — 1142 
Butter, - — + (4239, 175) 1.0/85.4) —— |8.184) 151} (2) )340|/-aluadae 
Cheese, - - |4237| 300/25.4/27.0; 4.0/4.294] 169} 76] 81] 12) 1266 
Milk, ¥ - |4240| 2400} 3.4) 4.5) 5.5) .822) 321) 81) 108) 132] 1973 
Crackers, - = - :/2701/  400|/10.4/12.2) 69.3/4.679| 368) 42) 49] 277) 1872 
Rye bread, - {2703} 1136] 9.0} .2| 49.0/2.607| 661/ 102 2, 557, 2961 
Potatoes, boiled, |2700) 661] 4.5) .1/| 17.5| .965) 146 30) Ti Ti6ip ego 
Sugar, Ss - |2722) 180) — | — |100.0/3.987 1900 ee t80| 718 
otal Vee eet ge aye > |. =|2346) 561] 512/1273/13438 
Feces, = - |2765) I11/41.6/13.3) 18.0/4.886 81} 46) 15) 26) 542 
Net am't digested,| — | — | — | — | — | — |2265) 515} 497\1253|12448 
he) AS Teo aire 
Percent. digested, | — |, — = |-— | —— | —) | == joGe0lor¢Siggemgemes 92.6 
Laperim t No. 13. Gms./Gms.|Gms.|Gms.| Cal. 
Beef, fried, - |2704| 766)29.6| 8.1; — |2.424| 289] 227; 62 — 1857 
Eggs, boiled, - |2705) 904/22.0/17.6| — |2.937| 358] 199 159] — | 2655 
Butter, - - 4248} 170) .8/88.4) — |8.435] 152) 2] 150|/ — | 1434 
Milk, - - |4247| 5380) 3.3) 4.5) 5.5] .807] 717) 178] 245] 204) 4341 
Potatoes, boiled, |2708} 2300 2.3, .1) 21.7/1.032| 554, 52) 3) 499, 2373 
Bread, 3 - |2724| 2275) 8.2) 1.3) 50.6/2.735|1367| 187 30,1150 6222 
Apples, - - |2709/ 755) .2| .2) 12.7] .547| 99] 2] 1| 96] 4713 
Peaches, - - |2707| 1400) .6; .1) 9.7] .476| 146 8} 2] 136! 666 
Pears, : - |2706] 1400 2) 1) 1975)" 800.299) ses I): 273) cri2y 
Sugar, 3 - 2722) 400) —~ |_— |100.0)3.987] 400| — | — | 400} 1595 
Total, - -/—]|— }|—|—| — | — |4389] 858} 653|2848|22677 
Feces, - = (2700) _131/33.4/15.5| 24.914.796| 97| 44] 20] 33/ 628 
Net am’t digested,| — | — | — | =--| — |4262) 814) G33)o8reigrene 
| | %|%)% | & 
Percent. digested, | — | — | —|/—|] — | — 97.8.94.9196.9/98.9 94.1 
Lxperim'’t No. 14. | Gms. Gms./Gms.|Gms.| Cal. 
Beef, fried, - |2715| 1654/34.1/10.4| — |2.904| 736| 564 172) — | 4803 
Butter, é - |4249/ 765) 1.1/86.9} — |8.169 673, 8 665) -— | 6249 
Milk, - - }4250/10600) 3.3) 4.2} 5.6) .798/1384) 351! 445 588 8459 
White bread, - |2727] 2550] 9.2] 1.4| §2.8'2.892/1616) 235) 35/1346) 7375 
Brown bread, ~- |2726] qooo| 5.8] 1.1 43.0/2.305/2022) 232) 46|1744 9220 
Oatmeal, 24. - |2723) 680,17.2) 7.0) 65.3|4.409| 609) 117) 48) 444) 2998 
Beans, : - |2728) 2040) 6.9) .4| 18.0/1.179| 516] r4I 7| 368) 2405 
Potatoes, boiled, |2725] 1700] 2.5| -.1| 20.61 -989) 393} 42) 1] 350] 1681 
A Dplesie ke > |2709| 2125) .2) «, 2) 12.7) -, 547) 0270) 5 4| 270| 1162 
Sugar, S - |2722) 340, — | — |100.0/3.987| 3401 — | — | 340] 31356 
qOtal, | a= ~The es a ie Se 18 6S os) tae Agere 
Feces, - = 2761| 432/34.1/13.4| 29.0\4.723, 330) 147, 58) 125 2049 
Net am’t digested) — | — | —|— |) — | — 8938115481365 532542317 
| eee res k. 
Percent. digested, | — | — | —]|—|] — | — 96.2.91.3.95.997.7 96.9 
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Experiment No, 12,—Kind of food: Mixed diet. Subject: The same as in 
the preceding experiments. Weight (without clothing): 67.4 kilos (148% Ibs.). 
The experiment commenced with breakfast, February 24, 1896, and ended with 
dinner, February 28, making 14 meals, of which the last 7 were taken in the 
respiration calorimeter as respiration experiment No. 2, previously described. 
The meat was prepared as in experiment No. 11, and the diet was the same 
in kind, the chief difference being that only about half as much milk was taken 
in this experiment as in No. 11. 


Experiment No, 13.—Kind of food: Mixed diet. Subject: Chemist, 23 years 
old. Weight (without clothing): 63.6 kilos (140 lbs.). The experiment began 
with breakfast, March 13, 1896, and ended with breakfast, March 21, making 
25 meals, of which the last 15 were taken in the respiration calorimeter as 
respiration experiment No. 3. The meat was chopped and fried as in experi- 
ments II and 12, but without the addition of onions. 


Lxperiment No. 14.— Subject: Physicist, 22 years old. Weight (without 
clothing): 76.2 kilos (168 Ibs.). The experiment began with breakfast, March 
19, 1896, and ended with dinner, April 4, making 50 meals, of which the last 
36 were taken in the respiration calorimeter as respiration experiment No. 4. 
The meat was prepared as in the previous experiment by chopping finely with a 
meat chopper and then frying, the sample for analysis being taken at the same 
time. 


DIGESTION AND METABOLISM EXPERIMENT WITH THREE 
CHEMISTS. 


Experiment No. 6 was carried out in 1894 by Messrs. R. L. 
Slagle, Ph. D., H. Monmouth Smith and H. A. Torrey, chem- 
ists at that time engaged in nutrition investigations in this 


_laboratory. ‘The results so far as regards the consumption of 


food were published in the Report of the Station for 1894 
(p. 194) as dietary No. 20. The object, however, was not 
simply to make this a dietary study, but also a digestion 
experiment with determinations of the income and outgo of 
nitrogen. 

Inasmuch as: part of the results of this experiment were 
given in the Report of the Station for 1894, as above stated, 
only such details are cited here as are necessary to the under- 
standing of the investigation as an experiment upon the 
digestion of the food materials and the metabolism of nitrogen. 


The subjects were engaged in their ordinary duties about the laboratory, and 
in addition to the exercise belonging to their regular work they were accustomed 
to walk considerable distances after their day’s work was finished. 

In the conduct of the experiment special care was observed. The gentlemen 
boarded together and sat at the same table. By the kindness of the mistress of 
the house, who took a very intelligent interest in the investigation, arrange- 
ments were made by which the food of the three gentlemen during the period 
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of the experiment was kept apart, cooked by itself and served at a separate 
table. One of the gentlemen was at hand to make weighings and take samples 
of each food material used. The securing of satisfactory samples of most of 
the food materials, such as bread, potatoes, milk, sugar, etc., was by no means 
a difficult matter. With meats, however, accurate sampling was far from easy. 
In order to insure accuracy in the present instance the meats were treated in a 
special way. Each portion was carefully separated from the bone and finely 
chopped. This finely chopped material was set aside, carefully preserved and 
cooked. A portion, however, was taken to the laboratory for analysis. Especial 
effort was made by this and other means to make sure that the samples of the 
different food materials should represent as closely as possible the food as it was 
actually cooked and eaten. The separations of feces were made by the method 
above described. The urine of each day was collected, measured, and portions © 
were taken for the determination of the nitrogen by the Kjeldahl method. The 
further details are given in the descriptions which accompany the tabular state- 
ments of results. 


Lxperiment No, 6.—Kind of food: Mixed diet. Subject: Three chemists, 
aged 23, 26 and 28 years. Weight (without clothing): At the beginning, 61.7, 
60.3 and 68 kilos (136, 133 and 150 lbs.), and at the end, 63.5, 60.3 and 68 
kilos, respectively. The experiment began with breakfast, October roth, 1894, 
and ended with supper, October rgth, making 30 meals for each man. 

With the exceptions noted below all the food materials were analyzed and 
their heats of combustion were determined by the bomb calorimeter. The fuel 
values of the milk and cream were not determined, but were calculated from the 
percentage composition by the use of the factors 5.5, 9.3 and 4.1 for the fuel 
values of one gram each of protein, fats and carbohydrates respectively.> (ihe 
crackers and apples were not analyzed, but the composition was assumed from 
averages of the analyses of similar food materials as given in Bulletin No. 28 
of the Office of Experiment Stations of the U. S. Department of Agriculture on 
the *‘ Composition of American Food Materials.” The fuel values of these last 
named food materials were calculated by the use of the factors just referred to 
as employed for milk and cream. With the exception of the determinations of 
fuel values of the milk and cream, and the analyses and determinations of the 
fuel values of the crackers and apples, all of the food materials were analyzed 
for the purposes of the experiment and the heats of Seperate were deter-_ 
mined by the bomb calorimeter. 

It should be added that the figures for protein given in the table for all the 
animal foods, except oysters, cheese, milk and cream, are as obtained by differ- 
ence. For the animal foods just mentioned and the vegetable foods the protein 
is obtained by multiplying the nitrogen by the factor 6.25. 

The weights and composition of the food materials and feces, and the 
proportions of food materials digested, are given in table 50. Table sr gives 
the amounts of urine for each day and its nitrogen content, together with the 
weight and nitrogen content of the dried feces for the whole experiment. Table 
52 shows the income and outgo of nitrogen for each day covered by the experi- 
ment, together with the estimated gain or loss of protein. The computations 
for these tables are made as explained in the corresponding tables in the 
accounts of the respiration experiments above. 








EXPERIMENTS ON DIGESTION OF FOOD BY MEN. ea 


TABLE 50. 
DIGESTION EXPERIMENT No. 6. 


Weights and composition of food materials and feces. Proportions 
of nutrients digested. 








TOTAL QUANTITIES. 






























































Z g ae oo 

Bea pOre ae G Nutrients. =e 

Foop MaTERIALs. eS eh Shel neg o 3 iu ; : So 

tas (ase ian | oo pass a8 | se 

Pee bgaS pas jie ce Se eke ea ee 

lec eC a ae Penge Oe H 

a SE OO EE Ee ee 1 | G 

Beef. g% | Cal. |Gms.|Grams.| Gms. |Gms. Gms.| Gms. | Cal. 
Rib roast, - . | 540\2.74|2.208] 765) 20.96] I99| 130] 69) — 1690 
Rib roast, - S512, 61)2.0381035) 20.08]. 205) 177\5 Se) — 2110 
Rib roast, - Me 400 12627122050) 565) 72.83) Lig) 7410030) 1165 
Shoulder steak, - | 567|2.31/2.306| 345] 7.97] 109} 59] 50) — 795 
Shoulder steak, - | 562/2.61/2.023) 480) 12.53} 108) 74; 34) — 970 
Ghoulder steak, - | 539|/2.45|I.911| 355| 8.70| 74] 53) 21| — ' 680 
Shoulder steak, - | 570|2.60 1.853 495) 12.87 108| 80; 28) — gI5 
Corned, canned, - | 541/4.42/3.120, 470| 20.77| 209) 132} 77, — 1465 
Cottolene, - - | 552) — |9.561; go5) — go5| — | 905, — 8655 
eauripete > | b42/2,40|1.402| 865) 21.28) 154) 132) 22), — 1265 
Veal rib, - - | 865/2.47|1.731) 640; 15.42) IOI; 7Q) 22) — I11IO 
Smoked ham,  - | 553/2.96/3.384| 355/'10.51| 146) 67) 79) — 1200 
Smoked ham, mie s49)2.07)/2.043! 270) 7.21 See 40 30) ey 5 
Smoked ham, - | 569|2.77|3.040| 200} 5.54 72a sees Mi 610 
Salt pork, - pesOty .28/5.135| 255 TUL ie2as 5| 240) — 2075 
Fresh cod, - - | 554/2.71|1.122| 665| 18.02) 115) 112 3; — 745 
Oysters, solids, - | 563} .98) .521/ 525] 5.15) 47) 32 5 I0| 275 
Eggs, - - - | 568/2.06,2.019/1390| 28.63) 379) 215] 164, — 2805 
Butter, - |4145| .11|7.848|2280| 2.51} 1936} 16/1920; — 17895 
Cheese, - - | 543|3.82/4.463| 510) 19.48) 321) 122) 154 A5\ 2275 
Milk, - - - |4141| .53| .823/8435| 44.71) 1105] 278) 388) 439} 6940 
Cream, -  - |4142| .50/1.864/1490} 7.45] 344) 46/ 250; 48) 2775 
Corn meal, - - | 545/1.41|4.033| 765) 10.79] 693} 67] 12| 614) 3085 
Flour, bread, - | 849|2.14/3.968/4565| 97.67) 4059) 612) 50) 3397) 18105 
Flour, pastry, - | 550/1.86/3.945|1885| 35.06) 1640) 219) 17) 1404) 7435 
Oat meal, - - | §51/2.93/4.583|1090) 31.94] 998) 199) 79) 720; 4995 
Macaroni, - eesd4i2).30/4.070). 395) 9-00)" 350) 57 4| 289) 1610 
Milk crackers,* - | — |1.49/4.567| 555| 8.27) 509) 52) 73 384| 2535 
Tapioca, - pue eA 0513. 710). £30 eign: Bini eee II5 485 
Sugar, - - 22370) —913,.987 14255) ~— ) 4255 — | 4° 4255 16965 
Beans, dried, - | 548|3.81|4.015| 695| 26.48} 587) 165) 13} 409| 2799 
Potatoes, flesh, - | 559) .38| .8406415| 24.38) 1244) 154 6} 1084; 5390 
Squash, flesh, cea tri s52)1700) 3.34) 218), 21/9 TA) 183 g70 
Swt. potatoes, flesh,| 556) .14|)1.257/|7555 10.58| 2251| 68) 23} 2160| 9495 
Turnips, flesh, - | 557| .16| .304|2950) 4.72 198; 30; 12} 156] 895 
Apples, flesh,* - | — | .08| .755|4960| 3.97, 873, 25 25) 823) 3745 
Cocoanut, dried, - | 546/1.04)6.982) 45) “A7 43 ai 20 Tr). 345 
Total - -|—|— | — | — [579.16)25172/3636 4990/16546 137945 
Waste, - - | §71/2.70|5.295| 965) 26.06) 885) 163) 245) 477) 5110 
Total food eaten,| — | — | — | — 553.10 242873473 4745 16069 132835 
Feces,- = © - | 572/5.95|5.337| 833) — 625) 310) 179] 136) 4445 
Amount digested, | — | — | — |—/| — 23662 3163 4566|15933 128390 
Fuel value urea, - | — | — | — | Ta Spt igs tl bremalibeane omar 2750 
Net fuel value of | | 
food eaten, SP Se — |—|—| — [125640 
teereentercivesteds tos th 97.4.91.1.96.2! 99.2! 94.6 








* Not analyzed. Composition assumed as stated in explanation on page 174. 
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TABLE SI. 
Weight of nitrogen in the urine of each day and the total weight 
of nitrogen in the feces for ro days. 
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4 [BO | a2 | ee | S [BC lea | sz 
Gms. q “Gms. Gms % | Gms 
Urine; - - |5002)4029 1.31 52.78)| Urine,  - - |5010|3327 .gI) 30.28 
Urine, - - |5003|4673| .87.40.66)} Urine, - - |5011/3993) .55, 21.96 
Urine, - - |5004/3858 .88'33.95| —— |__| 
Urine, - - |5005|4549 .73/33.2I Total, = (|| ee eee 
Urine, - - |5006|3695 .99 36.58]| Feces, - - | 572] 833/5.95 49.56 
Urine, - - |5007|/3170,1.17 37.09| — — — 
Urine, - - |5008/3791 1.01 38.29|| Total outgo of | 
Urine; - - [5009/2891 1.16 33.54 urine & feces, | — | — | — |407.90 
a 
TABLE 52. 


Balance of income and outgo of nitrogen in digestion experiment 
. Vo. 6, with three chemists. 
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| s Wurth ee ee) 

ea ooo | if | &. 8 | Se | Bee eee 
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Grams. |Grams.| Grams. | Grams. | Grams. Grams, 

October 12, : = 5 55.3 4.9 52.8 | 57.7 | — 2.4 |.— 15 
October 13, - - 4 55.3 5.0 40.6 | 45.6] + 9.7] + 61 
October 14, 2 - = 55-3 | 4.9 33.9 38.8 | +16.5 | +103 
October 15, - = : 55.3 5.0 33.2 | 38.2] +17.1 | +107 
October 16, : . a 55.3 4.9 36.6 41.5 | +13.8 | + 86 
October 17, - - 2 55.37) 5.0 S735 42.1 | +13.2 | + 82 
October 18, = - = 55.3 4.9 338.23 43.2 | +12.1 | +: 76 
October Ig, : “ 55.3 5.0 38.5 38.5 | +16.8 | +105 
October 20, - - - 55.3 5.0 30.3 35.3 | +20.0 | +128 
October 21, = - : G5 25 5.0 22.0 27.0 | +-28°37 (=a 
Total, - - - | 553.0 | 49.6 | 358.3 | 407.9 |+145.1 | +907 











It will be noticed that protein was stored constantly during 
the experiment, showing that the dietary furnished more of 
total nutrients and of nitrogenous material than was necessary 
for nitrogen equilibrium under the circumstances. 

The amounts of food eaten varied from day to day in 
accordance with the inclinations of the subjects of the experi- 
ments. ‘This doubtless explains in large part the daily varia- 
tions in the nitrogen excretion. 


ae 
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This experiment is of interest because of the unusual care 
and thoroughness with which the details were carried out by 
the gentlemen who joined in the work; because it gives a very 
accurate measure of the digestibility of the nutrients of an 
ordinary mixed diet under normal condition, and because it 
adds to the list of accurate observations upon the actual food 


consumption of typical persons. 


COMMENTS UPON THE TABLES. 


Some of the data above tabulated call for a few words of 
explanation before we proceed to the summarizing of the results. 


Fuel values.—The fuel values of the digested food may be 
estimated either from the heats of combustion as found by 
determinations with the bomb calorimeter or by the use of 
factors such as those of Riibner. ‘The latter, as commonly 
used, apply to total rather than digestible nutrients and ascribe 
4.1 calories to each gram of protein or carbohydrates and 9.3 
calories to each gram of fats. 

In the experiments here reported the heats of combustion of 
both food and feces were determined by direct combustion with 
oxygen in the bomb calorimeter. In experiments 11-14 inclu- 
sive the heats of combustion of the dried residue of the urine 
were determined in like manner. 

It is hoped that a somewhat detailed, discussion of the 
methods of estimating fuel values from the heats of combus- 
tion may be given in another place. Meanwhile it will sufhce 
to explain briefly the methods of computation used for the 
preceding tables. 


Net fuel value of food digested.—By subtracting the heat of 
combustion of the feces from that of the total food eaten we 
obtain the total heat of combustion of the food digested. 
This, however, does not represent the actual fuel value. In 
the first place it is not positively proved that the energy lib- 
erated and used in the body is exactly the same as that devel- 
oped in the form of heat by combustion with oxygen in the 
calorimeter. It is common, however, to assume that such is 
the case. Even on this assumption the fuel value of the 
digested food will not be exactly the heat of combustion 
because not all of the digested food is completely consumed in 
the body. Leaving out of account the material which is either 
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stored in the body when the food is in excess of its demands, 
or consumed from the previous supply in the body when the 
digested food is not equal to the demands of the latter, there 
still remains a certain quantity of nitrogenous material which 
is not completely oxidized but is eliminated by the kidneys in 
urea and allied compounds. Assuming that all of the digested 
nitrogen excreted from the body is in the form of urea, we 
may roughly calculate the amount of the potential energy of 
protein which thus fails to be transformed into kinetic energy 
in the body. 

Urea contains 46.67 per cent. N., hence N. X 2.143 = urea. 
N. X 6.25=protein. Hence protein divided by 6.25 X 2.143 
— the urea corresponding to the protein. ‘The heat of com- 
bustion of one gram of urea is 2.53 calories. ‘The fuel value 
of the urea corresponding to one gram of protein would there- 
fore ber (gram of protein) 6.25 X 2.143 X 2.53 somone 
calories.* 

According to this computation, which is theoretical and 
but approximately correct, there would be for each gram of 
digested protein 0.87 calories of energy in the unconsumed 
urea and other compounds. Subtracting this value from the 
total fuel value of the digested nutrients the remainder may be 
assumed to represent the proportion of the total energy of the 
digested nutrients which becomes actually available to the body. 
This is designated in the tables as ‘‘ net fuel value of the food 
digested.’ In estimating the coefficients of digestibility for 
the fuel values this net fuel value is used rather than the total 
fuel value of the digested nutrients. 


SUMMARY OF RESULTS OF DIGESTION EXPERIMENTS. 


The results of the experiments as expressed in the quantities 
of nutrients in the food eaten and the coefficients of digestibility 
are recapitulated in table 53. In this table it will be observed 
that experiments 1-5 and 9-12 were made with the laboratory 
janitor, who was used to moderately hard muscular work, while 
the subjects of Nos. 13 and 14 were assistants in the laboratory, 
whose ordinary labor involves somewhat less of muscular exer- 
cise. In experiments 11, 12, 13 and 14, however, the sub- 
jects were in the respiration apparatus and without muscular 





* For further explanations of this matter see Report of this Station, 1894, pp. 125, 126. 
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exercise, except for a period of three days in experiment No. 
14, when the muscular exercise was quite active, as explained 
above in the account of respiration experiment No. 4, which 
was part of digestion experiment No. 14. There is no reason 
for assuming, however, that the coefficients of digestibility of 
the food were materially affected by the muscular activity. 


TABLE 53. 


Amounts per day and percentages of nutrients digested ( coefficients 
of digestibility) in experiments above detatled. 

















i proven. | Far. | asinases Value 
S SUBJECTS AND Foop MarTERIALS. 4 os 4 2 - + 4 | 2 
F Bot Outta: teOmmmee (LO py cela 
3 te rw bu u 
Z Cah Shae ee messy ee Caos 
E. O., Laboratory Janitor. 
1/ Milk, - - - - - | 128 |88.1/| 192 |97.0| 168 |84.4/2960/87.8 
2, Milk, - - - - - | 165 |90.9| 239 |95.5| 163 |85.0)/3690/89.4 
3, Wheat bread,- - - - | 59 /82.3) (?) | @) | 471 |98.7|2235|\92.4 
4 Bread and milk, - - - | 169 |97.6| 168 [98.9] 533 |98.9)/4660195.2 
By Milk; .\).= - - - - | 171 |95.6| 217 (98.1) 174 |89.5/3530/89.3 
Three Chemists. 
6| Mixed diet (see table 50), - | 105 |g1.1| 152 |96.2| 531 |99.2/4190/94.6 
EE. O., Laboratory Janitor. ! 
Wheat bread, - : 60 |gt.9} () | @) | 452 199.4/2170194.6 


9) 
Beef round, ‘milk, Sitter: oe 
i meal, bread, sugar, - 


5 137 |94.4| 120 |96.7) 399 |98.5/3430/93.3 
Beef round, eggs, butter eal 
cheese, milk, crackers, bread, 
potatoes, sugar, - “| 


12. Same diet as No. II, - III |g1.8| 107 97.1 268 |98 .4)/2665/92.6 
O. F. T., Chemist. | 


Beef round, eggs, butter, milk, 


bread, potatoes, apples, 98 |94.9) 76 |96.9| 338 |98.9)2560/94.1 
peaches, pears, sugar, ‘| 


II 132 |95.9| 120 197.4) 293 |97.9/3020/93.2 


13 





Ane SanLhystetst. 


( Beef round, butter, milk, white | 
4 bread, brown bread, oatmeal, 
an beans, potatoes, apples, " 
' sugar, - - - - 


93 91.3) 82 |95.9| 320 |97.7|2540/96.9 





























The results of experiments 1, 2 and 3 are not entirely reli- 
able indications of the actual digestibility of milk and bread as 
ordinarily eaten, partly because of defects in the experiments 
themselves, which were indicated above, and partly because of 
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the probability that these materials, taken by themselves, are 
not digested as completely as when they form a part of a mixed 
diet. | 

With reference to the figures of table 53; it should be observed 
that the results are subject to the errors inherent in experiments 
made by the current methods as above stated. ‘The principal 
sources of error are probably three: (a) defects in the ordinary 
methods of analysis; (4) failure to make allowance for metabolic 
products, which are here considered as belonging to the undi- 
gested residue of the food, though they actualiy represent 
material which has been digested; (c) variations due to individ- 
uality of the subject and other influences not well understood. 
The error due to imperfections of analysis, while important, is 
probably not large. The error from treating the metabolic 
products in the feces as if they were a part of the undigested 
residue of the food, is small and of theoretical rather than 
practical interest,so far as concerns the nutriment actually 
obtained from the food. ‘The variations in digestion of the 
same food by different persons may be more or less consider- 
able. As regards the variations of digestion of food by the 
samine person under different conditions, the results of inquiry 
up to the present time lead to the inference that while the 
digestive apparatus of the subject is in normal condition, and 
the quantities of food are also normal, the coefficients of digest- 
ibility are much less affected by exercise or rest than is com- 
monly supposed. ‘There does seem to be ground, however, for 
the belief that in ordinary mixed diet the digestion is gen- 
erally more complete than where only a single food material 
is eaten. 
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TWO DIGESTION EXPERIMENTS WITH aN, 
INFANT. 





yee VA INT 


During the winter of 1895 two digestion experiments were 
made with a child nine to ten months old, in order to ascer- 
tain the amounts of nutrients consumed and digested per day 
with their fuel values. The first study, in February, was 
of eight days; the second, in March, of nine days’ duration: 


Lhe subject.—The child, a boy, was a few days more than 
nine months old at the time of the first experiment. He was 
strong and healthy, weighing, at the beginning of the study, 
twenty-five pounds three ounces (11.43 kilos). His appetite, 
though at times variable, was, as a rule, hearty. He neither 
crept nor walked at this time. The second experiment began 
exactly one month later, at which time the child was learning 
to walk, and moved around a little by holding on to objects. 


fFood.—At the time of the first study the child lived entirely 
upon one cow’s milk. During the second study a thin oatmeal 
gruel was mixed with the milk. This gruel was made by 
thinning oatmeal after cooking till, while warm, it was 
neatly the consistency of milk, and then passing it through 
a moderately fine strainer to remove lumps and coarse par- 
ticles. 

Hach day a certain definite proportion of the milk, one cubic 
centimeter to the ounce (about one part in twenty-eight) was 
taken for analysis. These daily portions were made into a 
composite sample and preserved, by means of a very small 
amount of corrosive sublimate, until the analysis could be 
made. Hach time the oatmeal gruel was prepared one-half 
was taken for analysis. The proportions of milk and oatmeal 
as fed in the second experiment were about four to one by 
volume. 


Undigested restdue.—In order to ascertain how much of the 
nutrients of the food eaten are actually absorbed, and thus 


utilized in the body, it is necessary to determine the amount of 
13 
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undigested nutrients rejected in the feces. In digestion ex- 
periments with adults powdered charcoal can be taken at 
the beginning and at the end of the experimental period, as 
described above on page 166, and thus the exact amount of the 
feces which came from the food consumed during the experi- 
ment can be determined and collected for analysis. This 
method was impracticable in the present case, and it was 
assumed that the undigested residue from the food of a given 
day would be excreted in the feces of the following day. 

Inasmuch as for some time preceding each study the daily 
food consumed was practically identical in kind and amount 
with that consumed during the experiment, any error from 
this assumption would probably be slight. 


Composttion of the food.—The food and feces were analyzed, 
and the heats of combustion were determined by the bomb 
calorimeter. ‘The results are shown herewith. 


GABLES 4) 
Percentages of nutrients in the foods used in two digestion expert- 
ments with an infant, and in the feces, together with fuel 
values per gram as determined by the bomb calorimeter. 


















































u 3 ae ni s ay 

Oo . I om aE 

Foop MATERIALS. cE 5 5 & ae 2 ae E. 

Zz Oy = 3.0'9 

ics Sa 

| % % % % G Calories 

Milk, Ist experiment, - | 4160 | 85.37! 4.38] 5.43] 4.00 .82 .969 
Milk, 2d experiment, - | 4162°1'86;20 | 9.049" 4.47 | 2.62 ay 7) .876 
Oatmeal gruel, - - | 2535 | 95.69 87 ie: 2.94 =a .188 
Sugar, - - ~ =| 2722 — fe — (100.00) — 3.987 
Feces, ‘Ist experiment,» = | 2519 |! §:14416.38 14.08 40.39| 24.01 | 5.915 
Feces, 2d experiment, - | 2534 | 4.95-1.18.50)] 7.03 | 37-85 | 31.67 | 4.935 





The results.—At the time of the first experiment the child 
was receiving milk alone. Oatmeal gruel and rice gruel had 
been given previously with the milk, but had for a time been 
discontinued. It was observed that in this expériment the 
milk was not thoroughly digested at all times; undigested 
curds frequently appeared in the feces. The child’s appetite 
was also variable, the amount of milk taken per day varying 
from 33 to 50 ounces (935 to 1420 grams). 
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Shortly after the close of this study the child took cold and 
lost his appetite. ‘This accounts for the fact that at the begin- 
ning of the second study he weighed less by over three-quarters 
of a pound than at the close of the first experiment. 

At the time of the second experiment oatmeal gruel was 
added to the milk, as described above, in order to ascertain if 
the mixed food would be more digestible than the milk alone. 
This apparently was the case. ‘he feces contained fewer 
undigested curds and the child’s appetite was more constant. 
Of the protein two per cent. more was digested in the second 
experiment than in the first, and 1.7 per cent. more fat. The 
greatest difference, however, appears in the carbohydrates, 
where we find an increase of ten per cent. in the digestibility 
of the milk and oatmeal together, as compared with that of the 
milk alone. 

DIGESTION EXPERIMENT NO. 7. 

kinds of food: Milk. Subject: Infant, 9 months old; weight, 
without clothing, 25.19 lbs. (11.43 kilos), at the beginning, 
and 25.38 lbs. (11.51 kilos), at the end of the experiment. 
Sex: Male. The experiment began with the first meal taken 
February 5, 1895, and continued 8 days, ending with the last 
meal taken February 12. Six meals a day were usually taken. 
The feces were collected from the morning of February 6 to 
the morning of February 14 (8 days). 


TABLE 55. 
Weights and fuel values of nutrients tn food eaten and in feces 
for 8 days; and weights, fuel values, and per- 
centages of nutrients digested. 








So hae o a Os ie Ailes: 

MATERIALS. bo 8 6 4 Pw 3 os ae S 
4 a es ro) [xy Bro =< [pieig 

on ss Mh ors | 3 

SF (2) Ay Xe: | o 

| aaa 


























Grams. | Grams. | Grams. | Grams. | Grams. | Grams. ICalories 
1347 | 427 | 530} 390| 80 | 9450 
114 26 23 65 39 | 950 
1233 AOI 507 325 AI | 8500 

er Si a | Soe, 


Milk (cow’s), - . - 
Feces, 2. ¢., undigested 

residue, - = - 
Amount digested, - - 
Fuel value of urea,* - 




















bo eee 
se 


Net fuel value food digested, — a — se ee 
iit Z| % Be | Ub poems Weg 
Percent. digested, - - Ols5 9093-0 Lis fake O53 ul STO | 86.3 





* Digested protein multiplied by .87.. See explanations p. 178. 
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DIGESTION EXPERIMENT NO. 8.° 


kinds of food: Milk, oatmeal, and sugar. Swudject: Infant, 
10 months old; same child as No. 7; weight, without cloth- 
ing, 24.56 lbs. (11.14 kilos), at the beginning, and 25.60 lbs. 
(11.61 kilos), at the end of the experiment. The study began 
with the first meal eaten March 5, 1895, and continued 9 days, 
ending with the last meal eaten March 13. Six meals a day 
were usually taken. The feces were collected from the morn- 
ing of March 6 to the morning of March 15 (9 days). 


TABLE 56. 
meee and fuel values of nutrients in food eaten and in feces 
for 9 days, and weights, fuel values, and per- 
centages of nutrients digested. 










































































oa “so | } ff a8 
Foop MaTERIALS, "bo © 2 Sp 8 3 og ir Ge 
SPE etn pes esis hoe 
Se S ae 
Grams. | Grams. | Grams. | Grams. | Grams. Grams. }. Cal. 
Milk (cow’s), - - - | 10120 | 1319 399 452 468 78 8865 
Oatmeal, - - = 4, 27224 109 24 5 80 9 505 
ear ey - - - 100 100 — — 100 — 400 
Total, - - - = | 12042107628 42374 454 648 ey Pint, (e27)8: 
Feces, 2. ¢., uridigested 
residue, - - - 107 68 20 fi 41 34 530 . 
Amount digested, - - — 1460 403 450 607 53 9240 
Fuel value of urea,* - — —- ~— — a — 350 
Net fuel value food digested,) — — — — — — | 8890 
i % \+ % % to % to 
Percent. digested, - - — 95. 6"1-05..3 1 98.41 93,7 4 60.6 gI.0 





* Digested protein multiplied by .87. See explanations p. 178. 


Nutrients and energy in daily food.—There are comparatively 
few statistics as to the amounts of nutrients and energy required 
by a child under two years of age, as compared with an older 
child or an adult. The following table gives the results of 
several dietary studies of very young children. Nos. 1 to 5 


are German. No. 6 is the average of the two described above.* 


It will be noticed that there is no uniformity in the results. 
The child seven weeks old ate more than one of the children 
fourteen months of age. 





* Published as dietary studies in the Report of this Station for 1895, P. 132. 
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TABLE: 57: 
Nutrients and energy in daily food consumed by children under 


2 years of age. 






































Z Carb Fuel 
a : é arbDo- ue 
% SUBJECT, Protein. Bate hydrates. | Value. 
Gane | Grams. Gao Calories 
I | Child, 7 weeks old, weight not given, 29 20 120 795 
2 | Child, 4 to5 mos. old; weight, 5.5 kilos, 21 19 98 665 
3 | Child, 4 mos. old; weight, 6.6 kilos, - 8 26 | 63 535 
4 | Child, 14 mos. old; weight, 10.4 kilos, - BT 21 126 840 
5 | Child, 14 mos. old: weight, 6.0 kilos, - 23 22 106 735 
6 | Child, 8 tog mos. old; weight, 11.5 kilos,| 50 59 62 \aroleu 





* “As calculated” (by use of the factors 4.1 calories per gram of protein and carbo- 
hydrates, and 9.3 calories per gram of fats) for comparison with the others, By actual 
determination, 1090 calories. 


Iand2, Dietaries Nos. 1 and 2 are reported by Forster (Ztchr. f. Biol., 9, p. 405). . 
The child in No. 1 was strong, healthy, and well nourished. Its parents were poor 
working people. No. 2 was rather sickly. Its parents were in comfortable circum- 
stances. 


3, 4,5. Dietaries Nos. 3, 4, and 5 are reported by Camerer. No. 3, a girl, “ brought 
up on mother’s milk” (Ztchr. f. Biol., 33, 15, p. 521). No. 4, a girl (ézd, 1892, p. 227). 
No. ae prematurely born child, brought up on artificial infants’ foods (1074, 235 56 
Pp. 521). 


6. The average of the digestion experiments here reported. The figures given rep- 
resent food consumed, not food digested. 


It has been assumed by various authorities that a child under 
two years of age will, on an average, require approximately 
from one-fourth to three-tenths as much food as an adult man. 
The average. energy per day in the five dietaries of German 
children above (Nos. 1-5), is 715 calories, which is a trifle less 
than one-fourth of the energy of Voit’s standard for a man at 
moderate muscular work (3050 calories). "The fuel value of 
the food of the American child above is 1oro calories, practi- 
cally three-tenths of that of the standard suggested by Atwater 
for a man at moderate muscular exercise (3500 calories). This 
value (.3) is the one used provisionally in the calculations of 
dietaries as explained on page 119. ‘ 

It may be of interest to note here that a rough qualitative 
test showed but a comparatively small amount of calcium salts 
and of phosphoric acid in the feces while the ash of the milk 
and of the oatmeal contained these substances in relatively 
large amounts. 
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THE DIGESTIBILITY OF DIFFERENT CLASSES OF 
FOOD MATERIALS. 





BY W. O. ATWATER. 





In a discussion of the results of digestion experiments 
accompanying a compilation* prepared by the writer with the 
cooperation of Dr. C. Ford Langworthy, an attempt was made 
to summarize the results of the experiments made up to the 
time of the compilation (1895). ‘The estimates for coefficients 
of digestibility, which were almost identical with those given 
on page 175 of the Report of this Station for 1892, were as 
follows: Animal foods: protein, roo} per cent.; fats, 95-98 per 
cent.; carbohydrates, 100 per cent. Vegetable foods: protein, 
75-857 per cent.; fats, 95 per cent.; carbohydrates, 95 per cent. 

Starting with these coefficients as a basis, food materials 
were divided into three general classes: 1. Animal foods, in- 
cluding meats, fish, eggs and dairy products. 2. Cereals and 
sugars, including the flours and meals from cereal grains, 
bakery products, starches and sugars. 3. Vegetables, in- 


cluding beans, peas and other leguminous seeds, and fruits. 


Coefficients of digestibility were assumed for the protein, 
fats and carbohydrates of each of the three classes. ‘hese 
coefficients were applied to the different classes of food mate- 
rials used in some actual digestion experiment with a mixed 
diet. If the results obtained by the two methods, namely, by 
calculation and by experimental determination, agree closely, 
the agreement may be taken as indicating that the coefficients 
are approximately correct. While such a computation is not a 
complete mathematical demonstration, if the agreement is very 
close it may be regarded as sufficiently accurate for practical 
purposes. | , 

” * Bulletin No, 21 of the Office of Experiment Stations of the United States Depart- 
ment of Agriculture, On Methods and Results of Investigations on the Chenuistry and 
Economy of Food, p. 70. The figures are practically the same as had been previously 


given by the writer as the outcome of a less extensive compilation, Century Magazine, 
September, 1887. 


+ These figures assume that the nitrogenous metabolic products of the feces belong 
to the digested protein. 
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The following figures were selected as giving very close 
agreement with values actually determined by experiment, and 
were then applied to a number of actual digestion experiments 
as shown in table 58 beyond. The nitrogenous metabolic pro- 
ducts are here classed with undigested residue, thus lowering 
the coefficients for protein. 


Assumed Coefficients of Digestibility. 


Carbo- 

Protein. Fat. hydrates. 
Animal foods, - - “ - 98% 97 % 100 % 
Cereals and sugars, - - - 85% 90 % 98 % 
‘ Vegetables and fruits, - - - 80% go % 95 % 


To apply these figures we may take the food of a given 
experiment, as for instance, that of experiment No. 10, which 
consisted of meat, milk, butter, cheese, oatmeal and bread. In 
the tabular statement of details of this experiment above are 
shown the quantities of protein, fats and carbohydrates belong- 
ing to each food material. Assuming that 98 per cent. of the 
protein of the animal foods, meat, milk, butter, cheese and eggs, 
and that 85 per cent. of the protein of the oatmeal and bread 
was digested, we may calculate the amounts of protein digested 
from the total food eaten. Comparison of this with the total 
amount of protein will give the coefficient of digestibility of pro- 
tein as calculated for this experiment. The computations are 
somewhat detailed and need not be given here. ‘The result, 
however, will give a coefficient of 92.8 per cent. The coeff- 
cient as found by actual experiment was 94.4 per cent. The 
disparity between the two results amounts to 1.6 per cent. In 
the same way the coefficients for the other materials, fats and 
carbohydrates may be calculated and compared with those 
found by experiment. In table 58 such comparisons are made 
for experiments 6 and 10-14, above reported; that is to say, 
all of those in which there was a mixed diet with_a consider- 
able number of food materials. In the same table are given 
similar comparisons for experiments by Professor C. EK. Wait, 
of the University of Tennessee. hese experiments, which are 
not as yet published, belong to the series of inquiries which are 
being carried on at that institution in cooperation with the U. = 
Department of Agriculture. It is through the courtesy of the 
Office of Experiment Stations that I am permitted to make use 
of the figures here quoted. | 
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TABLE 58. 
Coefficients of digestibility of nutrients in mixed diets. Com- 
parisons of results of actual experiments with those obtained by 
calculating the digestibilities by use of the Jollowing coefficients: 



























































Protein. Fat. Carbohydrates. 
Animal foods, - - - - 984 97% 100 % 
Cereals, etc., - : - = 92 BS Mh 90 % 98 & 
Vegetables and fruits, - - - 80% 90 % 95% 
f | PROTEIN. Fat. Seay 
ro i : . ° . be 
E SUBJECT. | Diet. Ee 48 ze 43 ze 22 
| BCE Re | 8 ee | os 
| | BAB | belie sae 
6) Threechem- . 
ists, -| Ordinary mixed diet, - - | 91.1} 91.3/ 96.2| 96.5] 99.2/ 97.2 
10} Laboratory | | Meat, milk, butter, oatmeal, 
janitor,-/ | bread, sugar, - - - | 94.4| 92.8) 96.6) 96.7/ 98.5) 98.2 
11 Laboratory Meat, milk, butter, cheese, 
janitor, - eggs, crackers, bread, sugar, | 95.9 95-0) 97.4| 96.4] 97.9] 98.1 
12} Laboratory Meat, milk, butter, cheese, 
janitor, - eggs, crackers, bread, sugar, | g1.8| 93.7 97-1) 96.3} 98.4| 98.0 
13| Chemist, -| Mixed diet, - - ~ - | 94.9] 93.8) 96.9) 96.6) 98.9) 97.1 
14) Physicist,- Mixed diet, - - - - | 91.3] 91.5|95.9/ 96.3! 97.7/ 97.7 
Avg. Nos. 6, ro, 11, 12, 13, 14,| 93.2 93.0 96.7| 96,5| 98,4! $7.7 
20| Chemist, - Bread and meat, - - - | 93-2! 94.9/ 92.0] 96.0] 97.4) 97.8 
21| Chemist, - Bread and meat, - - - |95-4) 96.0 96.3] 96.3| 96.9/ 98.0 
eo nenist.. = _ Bread, milk, eggs, - - |94-4/ 95.0, 94.8) 96.6) 97.7/ 98.7 
23, Chemist, - Bread, milk, eggs, - - | 95-2) 95.5 93.8] 96.7| 96.8) 98.8 
24| Student, - Bread, milk, eggs, - ~ | 93-6) 96.0) 95.8) 96.9/ 95.7, 98.9 
25| Chemist, -, Bread, milk, eggs, - - | 96.0} 94.4) 94.1] 93.5| 97.8] 98.4 
| Average Nos, 20-25, - . - |94. 95.3 94.5) 96.0 97.1) 98, 
26) Chemist, -| Bread, milk, beef, oatmeal, 
Sugar, bananas, - - | 92.8) 93.5) 96.0] 96.3/ 97.6 97.9 
27| Chemist, -| Bread, milk, beef, oatmeal, . 
| Sugar, bananas, - - | 92.2) 91.1 QI.1/ 96.0) 98,2) 98.0 
28) Chemist, - Bread, milk, beef, oatmeal, 
| sugar, bananas, : - |93-5/ 95-1) 95.7/ 96.8/ 97.0] 98.3 
Average Nos. 26-28, - - | 92,8/ 93.2 94.3) 96.4/ 97.61 98.1 
Average Nos. 20-28, -  - | 94.0/94.6 94.4/96.1 97.2 98.3 
| Average all (15),- - - |93,7/94.0 95.3/96.3/97.7 98.1 
wa eee 





RESULTS OF EXPERIMENTS ON THE PROPORTIONS OF NUTRIENTS 
DIGESTED FROM FOOD MATERIALS BY HEALTHY MEN. 


Lhe results of fifteen experiments are grven above, with figures 
showing the proportions of nutrients digested from ordinary food 
materials by healthy men under conditions practically normal, 
except that the diet was less varied than usual. In each of these 
experiments the coefficients of digestibility of the nutrients were 
found by subtracting the ingredients of the feces from those of the 
Sood, and thus obtaining the proportion digested. Tt seems fair 
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to assume that these coefficients represent fairly well the digestt- 
bility of the food materials when used in mixed diet and under 
such circumstances as those of these experiments. 

Coefficients of digestibility were taken from the results of other 
experiments and slightly modified and classified for the purpose 
of calculation. Applying these assumed coefficients to the food 
materials as used tn an actual experiment, the proportions of digest- 
2ble nutrients for that diet are readily calculated. 

The results as found by the experiments described above and 
those calculated by use of the assumed coefficients just referred to 
agree with remarkable closeness. Differences in the individual 
experiments range from zero toa maximum of four per cent. (in 
a single case), and are generally less than two per cent. In the 
averages of the experiments they are much smaller. The amount 
of this variation ts shown in the following summary: 


TABLE 59. 


Comparison of coefficients of digestibility as found by actual exper- 
zment wzth. those calculated as described above. 
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85 2 Sea g 
COEFFICIENTS OF DIGESTIBILITY. ny 2, < peg eats 
ag | & |steyh 
a SS a Set: 3 
rQ <x a ql 
3 to ho fo 
6 experiments here reported (Nos. 6, 10-14),| 91.3 | 91.5 + .2 
Protein, g experiments by Prof. Wait (Nos. 20-28), | 94.0 | 94.6 + ..6 
Average of 15 experimentt, — - - =) 90.7-| 04.0 1° = xd 
6 experiments here reported (Nos. 6, 10-14),| 96.7 | 96.5 — .2 
Fats, g experiments by Prof. Wait (Nos. 20-28), | 94.4 | 96.1 + 1.7 
Average of 15 experiments, - = -| 95.3 | 96.3 +1.0 
6 experiments here reported (Nos. 6, 10-14),| 98.4 | 97.7 ey 
eno 9 experiments by Prof. Wait (Nos. 20-28), | 97.2 | 98.3 + 1.1 
hydrates, Average of 15 experiments, - PaO Teint. Don. + (4 





This close agreement implies that the assumed coefficients fairly 
represent the proportions of nutrients that are digested, under 
ordinary normal conditions, from such food materials as those 
used in these experiments. While they are not to be taken as an 
exact measure of the digestibility of every kind of food of a 
given class, nor, in every case as an exact measure of the average 
digestibility of the class as a whole, it seems probable that they do 
represent pretty fairly the average digestibility of these classes of 
food under ordinary circumstances. 
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THE AVERAGE COMPOSITION OF AMERICAN FOOD 
MATERIALS. 


BY OW Oe. OA WA Res 





The Report of this Station for 1891 contained an account of 
investigations upon the composition and nutritive value of food 
materials which had been conducted in the chemical laboratory 
of Wesleyan University, under the auspices of this Station and 
otherwise, up to that date. ‘These included the analyses of a 
considerable number of specimens of American food materials. 
The results of these, and of similar analyses made elsewhere, 
were stummarized in tables of the Composition of American 
Food Materials. ‘ Exclusive of dairy products, especially milk 
and butter; and sugar, molasses, sirups, etc., of which a large 
number of analyses had at that time been made for experi- 
mental and commercial purposes, and for inspection to prevent 
adulterations, the tables referred to contained results of some 
400 to 500 analyses. ‘The majority of these had been made in 
the writer’s laboratory. | 

Since that time a large number of American analyses have 
accumulated, and a compilation of the results has been pub- 
lished in Bulletin 28 of the Office of Experiment Stations, 
U.S. Department of Agriculture.* A still later compilation 
has been prepared under the auspices of the Office of Experi- 
ment Stations, and now awaits publication in detail. This last 
includes such results as the compilers succeeded in finding up 
fowyilye 1’ 1890 bute no attempt was made to obtain at all 
complete data for dairy products, sugars, etc., as above stated. 
The number of specimens of which analyses were included in 
this compilation was not far from 3,000, representing several 
hundred different kinds of food materials. Of these not far 
from 1,300 were made by the writer and his associates. Fully 
half of these 1,300, as well as some g00 by other chemists, 
have been made in connection with the food investigations now 
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being carried on in different parts of the country. Of the 
remaining 800, or thereabouts, by far the larger number were 
made by the Division of Chemistry of the U. S. Department of 
Agriculture. The extensive, varied, and important investiga- 
tions upon the composition and adulterations of food materials 
which have been carried out by that Division, especially under 
the direction of Prof. H. W. Wiley, are too well known to 
require comment. In these statements no reference is made 
to the analyses of unground cereal grains, very extensive 
investigations of which have been made by the Division of 
Chemistry. 

As the edition of the Bulletin of the Department of Agricul- 
ture above referred to is so limited as to make it accessible to 
comparatively few persons, and frequent requests come to the 
Station for information regarding the composition of food 
materials, the average composition of not far from 175 of some 
of the more common kinds is given in table 60. These figures 
are for the most part the same or nearly the same as those of 
the Bulletin 28 of the Office of Experiment Stations above 
referred to, the differences being only such as are called for by 
analyses which have accumulated since that Bulletin was com- 
piled. Concerning the figures in this table, two remarks are 
called for: 

1. ‘The figures represent averages of analyses. Oftentimes 
different specimens of the same food will differ considerably in 
composition. This is particularly the case with meats and 
milk. Most kinds of vegetable foods are more nearly uniform 
in composition. 

2. It is important to distinguish between those materials 
which contain more or less refuse and those which are entirely 
edible. In the table the designations ‘‘edible portion’’ and 
‘as purchased”’ occur. The figures following the term “‘as 
purchased’’ represent the composition of the food material as 
ordinarily found in the markets. In the majority of foods, 
except dairy and cereal products, this includes more or less 
refuse as bone, shell, skin, or seeds. Where such inedible 
material, or refuse, occurs another average is given covering 
the composition of the ‘‘edible portion” after all refuse has 
been removed. Where the material as ordinarily purchased 
contains no refuse these terms are omitted. 
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TABLE 60. 
Chemical composition of common food materials, 















































| o 
A | . = 
g rae 1 $3). 25 
Foon Mareriats, S : e | Rs | as 2 ae 
% = om | > | 2 a, 
—— |_| 
ANIMAL Foon, 2\8)@) ¢ | % | q. Cav 
Beef (fresh). | | | 
“49 Edible portion, | — 54.6 16.0. Bee Miperee cue 
REISS Eo oa il fe nae purchased, 23.341. 612.2 22.3, — | .6|r170 
Edible portion, = {7¥ 2119.0) ° 778 eer I} 700 
Chuck, vleanp sii 4 As purchased, |23.7 54.3/15.2| 6.0) — | 8) 535 
. | Edible portion, | — |67, 4.19.0 12.6 — ; 1.0] 885 
Chuck, medium fat, ( As purchased, (16.8 56. 1/158) 10,5 = eee 735 
| Edible portion, | — 62.3 18,0) 18 8a Q |T125 
Chuck, fat, ~, ) { As purchased, (14.7153. 325.4] 15.99 -7 955 
Mant: { Edible portion, — 60,2 |£7.9) 21.0) —— | Sqiteso 
aus, = 4) a. if AS purchased® Jro.o\e4/oliecr I9.0/ — | .7\1r00 
Soot Edible portion, -— 67.019.3 12.7 |o—-" 1s OMe aye 
Loin, lean, - ° 7 1 As purchased, ace. T/58.2)26. 7} Foe 9| 780 
5 ; Edible portion, | — \60 511812) 2003) | 1.0 /1195 
Loin, medium tat ves ae purchased, 13.152. 515.9 17.6 csntoma 9, 1040 
. | Edible portion, | — '54.°7116: 8127, 6 eee 9 |1475 
Loin, fat, - P VAs purchased, Io, 2.49.2\18 824, oi 8 |1305 
Nest : Edible portion, | — \03.4/T9,2| 16,64 ee Q 1055 
Seta i As purchased, |27, 645. 913.9 Il .9 | — | =379 2360 
Plat Edible portion, | — }54-4/15.7} 29.1; — | .8 1520 
ade ~ "2 As purchased, 16.5.45.313.1/24.4| — | .7|ra95 
: { Edible portion, | — 67. G/16,.\0) 12 'ouaee | 1.0] 860 
Ribs, lean, & ~ ) As purchased, [22.6 52, O11 4.8)" OF 3 ae 7| 670 
i ; Edible portion, | — 55-5117.0| 26.6] —= 9 |1440 
Ribs, medium fat, 4 ee purchased, |20.8 43° 8):23 \Sionee teen ~7 |TI45 
; { Edible portion, | — 4 T1165. A358 Geet | roe 
Ribs, ar - ( As purchased, [16.1 39.5/12.6/ 31.2/ — | .6|1550 
. { Edible portion, | — 70.3/20.91° 7.7 (i ee ne 
Round; lean, - sas purchased, 3.7164. 311950) 7 One | 1.0] 650 
; § Edible portion, | — 05.5/19.8/ 13.6] —-l7 q 940 
Round, medium fat, As purchased, 7..2)00. 7118 .3) To 38 es | 1.0] 880 
Edible portion, | — |69.8 20.5) 8,6) 3) aa gere 
Round, second Sate As purchased, 19.5/50.2/16.5 6.9} — | .9 575 
pan Edible portion, | — |56,2/16.8 26.1) a sOg ta ee 
P, i 7 ~ (As purchased, (21.6 44.1/13.1/ 20.5] — | 7 lrrr0 
Edible portion, | — [67.9 19.6] 11.6'|'— | 29) gee 
Fore shank, : As purchased, 36.9 42.9 12.3) 7.3} — 6) 535 
: { Edible portion, | — O78) TG) 6l 0 1s ee eee 9] 855 
Hind shank, - EaNe ae yaaa PE oe Q.I} 5.3} — -4|] 395 
dible portion, | — 08:°3/19 23) 11s 3 eee ee 835 
% 
Shoulder and clod,* - 1 As purchased, 16.4 56.8 16.1 ofB a 9 715 
1Dle POTHiOn,”), -— 168 (6178) Alara ones 55 
Fore quarter, lean, — - As purchased, /22.3'53.3]14.3] 9.5| —| (6 665 
,§ Edible portion, | — 60.2 17.5) 20.4) — 9 {1230 
Fore quarter, med. fat, 1 As purchased, (19.3 48.6 I4.I} 17,3} — 7| 990 
Edible portion, | — 53 S581 S0r oles 7 |1560 
Fore quarter, fat, -| As purchased, |21.7/41.9|12.4| 23.41 — | <6 |eeao 
{ Edible portion, | — 66.9/19.2| 12.9] — | 1.0 goo 
Sea Uhgyict Kare purchased, |16.5/55.9|16.0110.8| —| .8| 56 

















As usually cut the shoulder clod has no bone, 7. é., refuse, 
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TABLE 60.—( Continued. ) 
Chemtcal composition of common food materials. 


















































: 5 
oO rib, S ! f re 
L a) eee a - 
Foop Mareriats. 5 = eee es 213% 
ead l= | Ob lene 
ANIMAL Foon. | Call 
Beef (fresh). i Be | fe Prt 
{ Edible portion, | — |60.2|/17.9 21.0/ — | .9/1220 
pind quarter, med. fat, (As purchased, 16.4|50.4/14.9 17.5 | — .8|IO15, 
: § Edible portion, | — |52.1/16.4 30.7| — 8/1600 
pecue quarter, fat, ae PAS purchased, |14.1/50.0]/14.8, 20.4) — 711135 
: i § Edible portion, | — |67.2/18.7 13.2| — 9} 905 
ey P AAS purchased, 19.5/54.01/15.1/ 10.6) — 7| 730 
‘ . _ 5 Edible portion, | — |59.7|17.5 21.9] — 9/1250 
side, medium fat, AS purchased, 18.2\49.0/14.4| 17.7] — 7/1015 
Ber fate. uc Edible portion, | — |47.8|15.1 36.4; — 7/1815 
ieee N ~ 1 As eased: 13.2/41.5/13.1| 31.6] — 6|1575 
Liver, - - - oe eT E 20.0) = 5 Om BO he Toa OaG 
Tallow (suet),  - - - Ph ESCO A Sh 7020, les 3|3400 
a Beef (preserved ). 
Tongue, canned, - - - ico 5 1, 31205) 23.219 — 14, OL S00: 
Dried and smoked, - - - - | — |§0.8/31.8) 6.8] .6|10.0} 890 
Tripe, pickled, - - SSAGOIG AN AO: 5 yee .5| 665 
; ( Edible portion, — |50.9/18.7| 24.7) — | 5.7|1390 
Brisket, corned, - = As purchased, |21.4/40.0|14.7/19.4| — | 4.5 eee 
Edible portion, | — |49.9|14.2| 33.0| — | 2.9|1660 
Be cornea - ~ (As purchased, /|12.1/43.7/12.4) 29.2] — | 2.6/1465 
Edible portion, | — |40.1]13.3| 41.9| — | 4.7/2015 
aes ri 1 As purchased, 147513440124 3505 1 == | 4.011720 
R d } Edible portion, | — /58.1|15.3) 23.3| — | 3.3]1270 
EG ap As ge cneced, 6.0/54.5|14.4| 22.0] —'| 3.1/1195 
Canned, corned, - - - | — |§3.1/28.5] 14.0] — | 4.4)1120 
Veal Peta 
Edible portion, | — |73.3/19.2) 6.5 | — | 1.0} 630 
Chuck - =! = | ie 8 
: As purchased, |18.9/59.5/15.6) 5.2 .8) 510 
Edible portion, | — |68.3/20.8) 9.9) — | 1.0} 805 
Cutlet 5 P 
ier p 5 1 As purchased, 4.0|65.6 20.0] 9-5/5 .9| 775 
{ Edible portion, | — |70.4|20.1}; 8.4| — | I.1| 730 
Leg, - - “ SEL Ack *hased 6 6.0 — 620 
purchased, |15.6/59.416.9 7.2 .9 
Toi eri. portion, | — |69.2/I9.4) 10.4) — | 1.0 800 
Seer - ¥ Ae purchased ,) 127..3/57.2/16:. 0; 8.06) == .9| 660 
( Edible portion, | — |70.5/20.1| 8.2) — | I.2| 720 
Shoulder, - : Ree AS poreiascd.. 10,5180. 9/1052) 6.5 | —.), 1,0) 575 
ere cuarter { Edible portion, | — |71 aa es —— }*..9 i 
‘ah ~ (As purchased, |24.5|54.2/14. .o|—| .7 . 
: Edible portion, | — |70.9|19.8) 8.3) — | 1.0) 720 
Hind quarter, - 1 As purchased, |20.7 56.215.7 ae — 8 a 
: ( Edible portion, | — |71.3/19.6| 8.1) — | 1.0} 705 
side, - = - = > As purchased, |22.6/55.2115.1| 6.3, —| .8] 545 
Lamb and Mutton (fresh). | | 
. Edible portion, | — |64.7|18.1) 16.3 | — .9|1025, 
Chuck, lean, i i As purchased, |19.5/52.1/14.5) 13.1) — .8) 820 
eu \ Edible portion, | — |50.9 14.6) 33.6, — .9|1690 
Chuck, medium fat, - 7 As purchased, |21.3/39.9 11.5 20.7, — 6/1340 — 
Edible portion, | — |40.6)13.7| 44.9 | — .8|/2150 
Chuck, fat, 3 " (As purchased, |16.5/33.8)11.5|37-5| — | -7|1795 


194 STORRS AGRICULTURAL EXPERIMENT STATION. 





TABLE 60.—( Continued. ) 4 
Chemical composition of common food materials, 4 


















































| ; ‘| E 
Cn oe ip ss 69| . | ad 
Foop MATERIALS. = 3s = Ss |es) a Ar 
Oo | = A fy Boy xq ov 
po Ay ay oe 
ANIMAL Foop. a\%14¢\ 4 |4@ | @ \CaL 
Lamb and Mutton (fresh). | | 
_ {Edible portion, | — |67.4)19.1/12.4 LL 14 580 
Leg, lean, i As purchased, 16,8|§6. 1/159) 1023) 2) ae ae 
ee ene aie tae Edible portion, | — 62.8 18,2 18.0] — | 1.0 |T100 
As purchased, /|18.4/51.2|/14.9) 14.7] — | .8| 900 
( Edible portion, | — |55.0/17.0 27.1| — | .9|1460 
Leg, fat, - = é P 155 7.0 27 9 |14 
aa ( As purchased. 12.4/48.2|14.8)/23.8| — | .841260 
tae E je _ § Edible portion, | — |50.2)/15.9] 33.1 | — .8 |1695 
’ As purchased, 16.0|42.0/13.0) 28.3 | — 741435 
Shedider ae 3 saa eee portion, | — |61.9/17.3; 19.9| — | .9/1160 
: As purchased, 22.5/47.9|13.4/ 15.5] — | «7 | 905 
Fore quarter i _ § Edible portion, | — |52.9/15.3] 30.9; — 4-9) 1590 
, ( As purchased, 21.2.41.6/12.0 24.5] — | a7 |1255 
ind quarter. we - Edible portion, | — 54 8/16.3) 28.1] — | {841400 
A ce eee oe a — “ 1230 
; 7 ‘ P ible portion, | — |53.6)15.8/ 29. —= .8 |1580 
Side, ie purchased, |19.3}43.3/12.7| 24.0) = 7 aiage 
Pork. 
Edible portion, | — 6 — 6 
Risk rh p : ST IO Gr air .9 |1630 
Chuck, shoulder, (As purchased, |18.1/41.8|13.8| 25.5) — | .8 |1335 
Leiitean: ‘ _ J) Edible portion, | 160. 3)19.7| 19.0:)>--sieOaa as 
( As purchased, 23:5/40.1/15. 10) 14.5 | —=seoeees 
Lin wmediinrect tate 1 Edible portion, | — |51.1|16.7| 31.3| — | .9 |1630 
As purchased, 16.3142. 8\14,0] 26,2) —— 9 eee 
Tofate: r enn portion, | — |42.1/12.2/ 45.0) — | .7 |2125 
As purchased, |14.6)35.7|10.4| 38.7/ — | .6 |1825 
pe an fr ‘ eee portion, | — |44.0/13.4) 41.8| — | .8 |2015 
; : As purchased, I3.1/38.5/11. 7] 3030) ——Gieee ae 
Pac ismoked wean ai ante portion, — |53.5 20.2 20.8; — | 5.5 11255 
As purchased, ‘I1.5.47.217.9 18.5 | — }4¢9 {1115 
Ham, smoked, med. fat, ARNON ees ao peo MAO 715 5) 30+ t oe eal eee ee 
( As purchased, 14 .4134.9/13.3} 33.4. | —" |) Ou toss 
Hanmemoked, tatmee wee portion, | — /27.9)16.1| 52.3| — | 3.712507 
i nee As purchased, | 3.4/25.2/14.2/ 53.8] — | 3.4 |2535 
am, deviled, canned, 2) The ere: 18.9) 32: Q:) —aie2s One 
Shoulder, smoked, - ead Oe ae 45.0/15.8).3205 | a4) Oo yates 
! As purchased, |18.2/36.8/12.9| 26.6) — | 5.5 |1360 
Salt fahym locos ei nN Ss Soe ho 97 0.2 0) BG, 2) ea) ees 
Bacon, Cc ge aie Mece cage | 7 uae 9.8] 68.0 — | 4.4 |3050 
s purchased, 1\t6.4; 8.9) 62.5 4.1 |2800 
Sausage, - - - - ~ oe = fe 130, 8/1271 44.2) Late ee 
Poultry, | 
Senne faek: Edible portion, | — |64.5/19.2| 15.3 | — | 1.0|1005 
As purchased, 26.6)47.2 14.0) 11.5 | — 71 745 
Turkey, +. rag 3) § Edible portion, | — 55.5 20.6) 22.9) — | 1.0/1350 
( As purchased, '22.7|42.4)15.7|/ 18.4) — 8 |1070 
ee E _ § Edible portion, | — |42.3/13.0] 43.9] — 8 |2095 
1 As purchased, |22.2/33.1/10.3| 33.8} — 6 |1620 
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TABLE 60.—( Continued. ) 
Chemical composition of common food materials. 





Foop MATERIALS. 





ANIMAL FOOD. 
Fish (fresh). 


§ Edible portion, 

Blue fish, - 2 > (As purchased, 
Edible portion, 

Cod fish, - z. mt | As purchased, 
Edible portion, 

Cod, steaks, AS purchased, 
Edible portion, 

Flounder, - s As purchased, 
Edible portion, 

Haddock, - " A As purchased, 
Halibut steak, - 3 1 pe thised, 
* { Edible portion, 

Mackerel, - eis purchased, 
ie : § Edible portion, 

ey ~ | As purchased, 

Edible portion, 

Brook trout, - As purchased, 
§ Edible portion, 

Shad, = = ) As purchased, 

Fish (preserved). 

z { Edible portion, 
Salt cod, - | As purchased, 
Boned cod, ar ei 
a aa 
: Edible portion, 

Smoked herring, S 1 As Bends 
Salt mackerel, - otctivecas 


Canned salmon, - - : : 
Shell Fish. 


{ Edible portion, 
| As purchased, 
Edible portion, 
As pupenased. 


Long clams, in shells, 


Round clams, in shells, 


Oysters, solids, - - 

§ Edible Dain. 

) As purchased, 

Canned lobster, - 3 E : 
Edible portion, 

As purchased, 


- - - - - 


mobster, = - - 


Eggs, a5 has ¥ 
Butter, é 
Whole milk, - - = % 
Skimmed milk, - s 2 ; 2 
Butter milk, - : “ : 7 











Sy ees 


51.0/40 





Py o7\Ol- 
aes 
40.7|43. 


29.5/48. 
48.1/40. 


43.939. 


~ 
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DOL oOHAnvVPOHPOnNnN ONHNMN DWV 
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ae 9/40. 
54. 
— |49. 
70/46 
Rrebots 
44.4/19. 
— |42. 
2.90/32. 
— |64. 


— (85. 
41.9/49. 
— |86 
67.5/28 
— /|88. 
= 179 
61.7/30. 
pan aN Wh 
rp (Gk 
I1.2|64. 


oo Cow NL ONO 





— |87.0 


— |90.5 
— |9I.0 


Mn eee rre 





Protein. 


19. 
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IO. 


18 


16. 
Be 


16, 


18, 
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18 
II 
20 
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18. 


18. 
10. 
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Fat. 


II 


*8Q. 
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15. 
7 
15. 


2D. 
ey ip 


SR AMMO OWA 


Mar OW Hh DO 
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nw Of WO 


Bepverlence cue eho 





Carbo- 
hydrates. 


Web a WN 


Arbo HO 


| | 


Se i Si | \O 


5. 
Shek 
4.8 


Ash. 


24. 
18. 
yin 
15 
ree 
13 


ees 
10 





}° Mm On HOUND 


MOOI ION NCO ST 19400 Oy WLOGA Ne? 


BweENOOHERO 


Fuel Value 
per Lb 


Cal. 


.3) 405 
27| 205 
<2 310 


205 
365 
532 
285 

» 130 
325 
160 
560 
465 
640 
360 
925 
590 
440 
230 
745 
420 


415 
315 
425 
LOI5 
945 
1345 
745 
1360 
1050 
goo 


210 
140 
215 

70 
230 
390 
145 
395 


745 
660 
3475 
325 
170 
165 





* Average percentage of butter-fat found in the Columbian Exposition butter test. 
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TABLE 60.—( Continued. ) 
Chemical composition of common food materials. 
























































ee ‘ 5 
bh 5 5 a) og ae es 
Foop MAaTERIALS. sa os | S ‘2 ts 3 eT 
“| = _ OF flac 
ANIMAL Foon, hel iG Gg see % | % | Cal 
Condensed milk, - - - - - | — 9 |30.51.8. 2) 19.7) 52 eee 
Cream, - - - - - - ~ | ——"174.0}.2.5) 18.5) 45 ene 
“Cheese, - : = 5 - - | — |34..3)26, 5) 3315l6 23) geomnae 
Oleomargarine, butterine, etc., - - | — | 9.5] 1.3) 83.0) — j6.2)3525 
Lard, cottolene, and tallow, - - - | — | — | — |100.0| — |— |4220 
VEGETABLE Foon. | 
Cereals, Sugar, Etc. | 
Barley, pearled, - - - - - | — |10.8) 9.3] ~L.0P 97720) ieepnaae 
Buckwheat flour, - - : - ~ | — |14.2}.8 8h) 1.0109 6s cee 
Buckwheat, self-raising, = : - | — |12.2] 6.8) 1.0) 74. 7)5e3 Deco 
Corn meal, - - - - - - | 12.4).9.3) » 264) 74 0] Reem 
Rolled oats, - - - - - “| 1-7. 2)16,-01) 7.216656 orcas 
Rice, s- - : : E = - | — |12.2 7.8 -4|79. 210 Airese 
Rye flour, - - - - - ah Phone RE Fae La Ty: -9|:78. 7) - 7636 
Graham flour, - - - - - | — JL1.4113;7| 2.2) 70cO a pomtaoe 
Entire wheat flour, - - - - | — |12.1/14.2) ~1,9) 70, Oaeoee 
Wheat flour, - - - - ef — 1T2 OWL 4k 1.7 
Crushed wheat, qheiets farina, étc., - | — |10.4/11.4/ 1.7] 75.7] .8 1690 
Bread, white, 2 - : - - | — 135.3] 9.4|-(1.2) 58 Olena 
Bread, rye, |~ - - - - Sal 138 SG NO .6) 54.5/1.5/1220 
ierackers, Boston. s--4)) i. - - ='} — | 8.2)10,7) 9.9) 6B Sia tqireae 
Crackers, milk, - - - - - | —- | 6) 1/T0.5| 12, 5/569. i)teoree em 
Crackers, oyster, - - - - ~ | =| 4.5/10.1| 10,6) 716) sectonee 
Crackers, soda, ~ - - - - =|" — | §.3]-9.8| 051-73, 3)2eu ae 
Honey, strained, - - - - = | —'|18,0| -.3) —-)"81 7 eiaeoireeo 
Molasses, - - - - - <P mS 1255 1) 2 AP 00 ee ee 
Sugar, granulated, - - - ae TOO re are 
Sugar, brown, : 2 - = -|—|— | — |] — | 95.0) — {1765 
Maple sugar, - - - - aly em me Oe Sere 
Maple syrup, - - - - So ee 
Starch, - - - - - - so | 6.0) if 4) og ne eet 
Tapioca, - ~ - - - ro ie cence OG He 8 Kel -3} 87.5] .2)1650 
Vegetable. | 
Beans, dry, - - - - - - |  |13.-1|2274) Tigo lrg r6l1500 
Beans, green, shelled, - = £ - | — |§8.9; 9.4 .6} 29.1/2.0] 740 
Beans, string, - - - = mitt Beer hn hear Ase Alt CAI .3|. 8:0: Omeze 
Beans, lima, green, - - - ee Pere Oe Bile tse 7). 22. 0)10 7a 
res ; : ae portion, | — 87.5| 1.5 | 9:8|t.1} ars 
: As purchased, 20.0/70.0) 1.2 ot 7 8) On rete 
Cabpageree s/o ai ree portion, | — |90.9 1.9) .3} 5.7/1.2] 155 
he Py 15¥ON7%-3\.5.0 .3, 4.811 0-230 
| Edible portion, | — |88.3 1.1 ; 211 cide 20 
EAIEORS > ie: purchased, 20.0.70.7 1.0 ae 9 er 
Cauliflower, - - - . - lappa 2 Saree AVE ne 58) 5620) a6. gerrs 
Celery, = - - : ae Pe gee ale ANOS ni OL ee -Ij 3.8/1, 1}°160 
ae IDLE: POTION SP — ee alo eT eT rie noe seh O 
SABES AE | As purchased, /60.030.2 os 4 Bed - 18s 
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TABLE 60.—( Continued. ) 
Chemical composition of common food materials. 
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DOMO nH LO 


Ash, 


HN HA 


DONO ORUWTOW DUONOOHEANAWOAN 


S& 


a Ws sail A Lg 
Foop MarTERIALs. 2 3 = & as 
cae Slee, Os 
VEGETABLE FOOD. % , % d, q 
Vegetable. 
Edible portion, |°—5/95). 4). 9 aol. 2she3. 8 
Eoeup ice! S) : ‘ 1 As purchased, |15.0/81.1) .7| .2 Pe2.0 
, § Edible portion, | — |94.0] 1.3] .4| 3.3 
ee ae MPAs purchased) 118.0177 djaboli) Say 207 
. \-Edible portion, | —— (67-1) 1.7/4. 30.2 
Saas Die ; ’ (As purchased, |10.0/78.4) 1.5] .4} 9.2 
; ( Edible portion, | — |83.0) 1.6) .5/13.5 
So aa ‘ ~ (As purchased, |20.0/66.4] 1.3} .4/ 10.8 
Peas, dry, - - - 3 . = |. | 625124,6) 126) 62.0 
_ § Edible portion, | — |74.1 6; 6) isan, 17.26 
Peas, green, : (As purchased, [50.0/37.1) 3.3| .2 8.9 
[DS c0qy sam _ § Edible portion, | — |78.0) 2.2) .1| 18.8 
; 3 As purchased, Is (COGygheieo! 2116-0 
5 7 letcible portion," —=9103 -li7TeOpee Il 6 7:2 
Pumpkins, - ~ ) As purchased, [50.0/46.6) .5| — | 2.6 
, Haile portions |?) Ol - Opie a) eet 5.8 
oe c . ‘ As purchased, (30.0/64.2) 7.9; .1| 4.1 
: PHdible portion, | — 194.4)" 20] 71.3.0 
Rhubarb, - ¥ ee As purchased, IMOvOsO. Ol BAL ore bee 52 
; \ Edible portion, | — Bowser dens 1.0 
Squash,  - ; ~" (Asr purchased, |50.0/44.2| .7| .2) 4.5 
( Edible portion, | — |69.0] 1.8} .7| 27.4 
ec oteocs ) As purchased, j15.0/58.7/ 1.5] .6/ 23.3 
Tomatoes, - - - - - =) =e 104 Se On) ive 13.9 
eee - _ ( Edible portion, | — |89.6/ 1.3) .2) 8.1 
et ie : ) As purchased, |30.0 G27 me Oiaaes Li 57 
Vegetables (canned ). 
Beans, baked, -  - : . = | =" |08-4) 0.9) 3:1) -19.6 
Beans, string, - . - - NOG OAT ad Li eke Sey 
Peas, green, - - - - 2 daemon teloyns) SAS) (eee ket) 
Sweet corn, - = - - erat 5 Vie eo WL Oa 
Squash, - - - - - Sey AC FOO een hoes 
Succotash, - - ~ - - - | — |75.9| 3.6} .9| 18.7 
‘Tomatoes, - - ~ - - a) = 1O4. Sek. 1) 321) 3.5 
Fruit (fresh). ; 
Edible portion, | — |83.5} .4} .5/ 15.2 
CN Ta al oe a As purchased, |25.0/62.6} .3) .4/ 11.4 
( Edible portion, | — [75.2] 1.2] .7| 22.0 
Bananas, - : - 7 As purchased, |40.0/45.1] .7| .4) 13.2 
Cherries, - 2 sw Edible peenen: — |86.1I| I.1 8| 11.4 
Cranberries, 2 - =) 18859) 241.0 109.9 
G Edible portion, — |77.4| 1.3} 1.6) 19.2 
re As purchased, |25.0/58.0] 1.0/1.2] 14.4 
O { Edible portion, | — Sse se sel a, Opa 
EE 4 " 7 As purchased, |27.0/64.5} .6| .4] 7.1 
S eee Edible portion, | —"|90.4| B.0; .7). 7-3 
UI ea As purchased, |10.0|81.4| .9| .6| 6.6 
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Fuel Value] | 
per Lb 





Cal. 


80 
70 
105 
85 
240 
215 
300 
240 
1655 
470 
235 
395 


335 
120 


60 
135 
100 
105 


215 
105 
565 
485 
10g 
185 
125 


625 
95 
25, 
465 
235 
455 
IO0O 


310 
235 
460 
275 
265 
215 
450 
SE) 
220 
160 
135.5 
165 
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TABLE 60.—( Concluded. ) 


Chemical composition of common food materials, 





























4 o 
, =} 
. 8 | 2 | 3g oe ee 
Foop MATERIALS. g 3 = s 23 2 aes 
guinea ier OF Ca ee 
VEGETABLE Foop. Ze | gg % q% | Cal. 
fruit (preserved ), 
Apples, dried, evaporated,  - - - | — |29.3) 1.7| 2,3) 604 20) la gas 
Tate 2 y Pate portion, ‘| —"|15..4)' 201] -2:.3),73.4 eee 
; 5 As purchased, | 9.8/13.8) I.9] 2.5] 70.8] 1.2|1455 
( Edible portion, | — |24.8) 2.9] 1.5] 68.8| 2.0/1395 
Prunes, dried, - aS AS purchased, |15.0/21.1) 2.4/ 1.3/58.5/1.7]1190 
Raisins ee - - - - =| ——_ |14.6) 20) 3 23) 96. area eee 
Apricots, dried, - - - - = | —— 132.41 2.9) *.)O3. 3) aaa ee 
Peaches, canned, : - - Soh ETO Uae 2). 775 lees ama cts 
Nuts 
Chestnuts, fresh eae portion, 38.5 6.9) 8.0 44.9| 1.7 |1300 
; As purchased, /16.0/32.4| 5.8} 6.7/37.7/1.4 1090 
P re portion, | — | 9.2/25.8/38.6] 24.4 | 2.0|2560 
eanuts, - = - | 
As purchased, /33.0| 6.2/17.3/25.9] 16.3| 1.3 |1720 
Beverages. | 
Cocoa, ‘ : 4 - - - | —«} 4.6|21.6/28 9-39 7 eo 
Chocolate, - - - - - =|. —-| 5.9}/12.0|48.7| 30:3 | 22202860 











* Fat not determined. 
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PROPORTIONS OF DIGESTIBLE NUTRIENTS IN 
FOOD MATERIALS. 





BYEW sO. A UW ALIORS 





In all of the statements concerning the composition of food 
materials and estimates of the proportions of nutrients in 
dietaries and dietary standards published by the Station before 
the present Report, the total rather than the digestible nutri- 
ents have been considered. ‘This usage has been followed in 
the publications of the Office of Experiment Stations, and by 
writers and teachers generally. The reason for not making 
the statements and calculations in terms of digestible nutrients 
has been a very simple one. The data regarding the digesti- 
bility of food materials as they are ordinarily eaten have been 
hardly sufficient to warrant going beyond the use of the total 
nutrients. The usage of chemists and physiologists in Hurope 
has been practically the same as in this country, and for the 
same reason. 

Tentative efforts have, nevertheless, been made toward the 
putting of the estimates of the nutritive values of foods and 
the standards for dietaries upon the basis of digestible nutrients. 
Thus Voit,* in 1882, using the results of Rubner’s experi- 
ments on the digestion of food materials by men, has esti- 
mated the quantities of digestible nutrients corresponding to 
the total nutrients in his well-known standard for the daily 
dietary of an average man at moderate muscular work. His 
figures, as modified by Konig in 1889,f are: 


Carbo- 

Protein. Frat. -hydrates. 

otals s- = = a = - eB Hiat #o: 56 500 
Digestible, - - - = - - 106 53 450 


In like manner Von Rechendorff, in studies of dietaries of 
hand weavers in Zittau, Saxony, published in 1890,{ has made 
detailed calculations of the proportions of both total and 


* “ Physiologie des Allgemeinen Stoffwechsels und der Ernahrung.”’ 
+ ‘Chemie der menschlichen Nahrungs und Genussmittel.”” Third edition, I., 154. 


t Bulletin No. 21, Office of Experiment Stations, United States Department of Agri- 
culture, On Methods and Results of Investigations with Chemistry and Economy of 
Food, p. 163. 
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digestible nutrients in a considerable number of dietaries. Sim- 
ilar attempts have been made by the writer from time to time.* 

It has been the custom of both American and European 
chemists and physiologists, for a number of years, to make use 
of the figures for digestible nutrients in estimating the nutri- 
tive values of feeding stuffs and in calculating the rations for 
domestic animals. ‘This has seemed to be warranted by the 
number of experiments in which the digestibility of feeding 
stuffs has been determined by actual tests. 

The tests of the digestibility of food by man reported up to 
the present time are much less numerous than those of feeding 
stuffs by domestic animals, at the same time the variety of 
materials in common use, as food of man, is much larger than 
that of feeding stuffs for animals. It would thus seem, at first 
thought, that while the data may be sufficient for the setting 
up of coefhicients of digestibility of feeding stuffs and basing 
calculations upon them, the information thus far accumulated 
is still too small to warrant us in applying the same principle 
to food materials. 

There are, however, some considerations in favor of the use 
of the coefficients of digestibility for the food of man. In the 
first place our ordinary food materials are so much more easily 
and completely digestible than feeding stuffs that the undi- 
gested residue of food as used in ordinary diet under normal 
conditions by men, women, and children make a much smaller 
proportion of the whole than is the case with feeding stuffs as 
eaten by domestic animals. ‘The variations in digestibility are 
likewise much less with the food of man. Indeed, this is 
specially the case with animal foods and with the carbohydrates 
which are the principal constituents in most vegetable foods. 
The variations in the digestibility of protein in the vegetable 
foods are somewhat wider. ‘The determinations of the digesti- 
bility of fats of most vegetable foods, by the methods commonly 
followed, bring very uncertain coefficients of digestibility, 
because of the very small quantities of fats. ‘Ihe errors here, 
however, are of less practical consequence, because the fats of 
the vegetable foods make so small a proportion of the total diet. 

One great difficulty with the larger number of digestion 
experiments hitherto made with man is found in the fact 





* Bulletin 21, Office of Experiment Stations, p. 71.. See also, Century Magazine, 
September, 1887. . 
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referred to in the discussion of the subject of coefficients of 
digestibility in the preceding article, viz., that they have been 
made with single food materials, and the indications are that 
the digestion is less complete in these cases than it would be 
with ordinary mixed diet. In the article just referred to, the 
attempt was made to find coefficients of digestibility for the 
nutrients of different classes of food materials such as would, 
when applied to the constituents of ordinary mixed diet, give 
estimates for the quantities of digestible nutrients correspond- 
ing to the results of actual experiment with the same diet. 
From the data which had accumulated up to the present time 
coefficients of digestibility were assumed for the nutrients in 
different classes of foods, as explained on page 187. ‘These 
coefficients were afterwards applied to a series of actual 
digestion experiments, and the proportion of estimated diges- 
tible nutrients obtained by their use was found to agree 
almost exactly with those obtained by actual experiment. 
The differences, indeed, were in most cases hardly wider 
than are often found-in duplicate analyses of the same speci- 
men of a given food material, by different chemists following 
the same analytical methods. Such coincidences were observed 
in a considerable number of cases. And it would appear that 
they could be hardly possible unless the assumed coefficients 
were tolerably close approximations to the truth. It seems 
safe, therefore, to use these coefficients for tentative estimates 
for the digestibility of some of the more common food materials. 
This is done in table 61. With reference to the computations, 
however, two things should be clearly understood: 


First.—The estimates are only tentative and are subject to 
revision as information accumulates regarding both the com- 
position and digestibility of the food materials. It is worth 
noting, however, that the probable errors in the figures 
assumed for the coefficients are apparently less than the 
known variations in the composition of different specimens of 
food materials of the same kind. 


Second.—Some further distinctions need to be made between 
the coefficients of digestibility of different materials of the same 
general group. For instance, ordinary wheat flour, so-called 
‘entire wheat flour’’ or ‘‘ whole wheat,’’ and graham flour 


e 
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differ considerably in digestibility. But experimental data at 
hand are not sufficient to show what these differences are. 
Experiments upon this subject are now being carried on, how- 
ever, under the auspices of the Office of Experiment Stations, 
and it is hoped that the needed information may be gradually 
acquired. 


Fuel values.—In the following table the fuel values of the 
digested nutrients were calculated by the use of the factors 
proposed by Rubner and now ordinarily accepted as explained 
on page 177. The factor 4.1 as used for the fuel value of one 
gram of protein is evidently too small. Indeed, all the factors 
need revision to fit them to different food materials and condi- 
tions of use. It is hoped that results of investigations upon 
the subject now in progress in this laboratory may be published 
in the near future. Meanwhile the common factors are used 
in these calculations, but with the understanding that they 
will doubtless be changed later. 


‘TABLE .61-. 


Estimates of proportions of digestible and undigestible nutrients 
in food materials. In these calculations it?s assumed that the follow- 





















































ng percentages are digestible: Carbo- Mineral 
Protein. Fat. hydrates. Matters. 

Animal foods, - = - - 98% 97 & ICO % 75 % 

Cereals and sugars, - - - 85% gO % 98 % 75 % 

Vegetables and fruits, - - 80% go cm 95 % 75 % 
wets Boeoues Rey ¥ 
Dy Nutrients. Sees 
z Di ib] 5S 
Foop MATERIALS. = = patina = a4 
Bile a con eee esis ok 
Pole | (ee) e eae 
Ay O>|=s 5 A 
ANIMAL Foon, pol A ay sad ae ob | Oe er 

Beef. 
Edible’ portion; ——"16 8.6/12 a 

anita i § p 7.4118.6|12.2 7h Tt SiGe 
Chuck, ~{ As purchased, |16.8/56.1/15.5|10,2| — | .6| 8 q15 
ne : § Edible portion,| — |60.5|17.8 1007 .8) 1.2/1165 
: "7 As purchased, /13.1|52.5|15.6]17.1| — .7| I.O|1OLO 
ea ok 5 _§ Edible portion,| — |63.4|18.8/16.0) — .7| I. 1/1025 
: pas purehased; /27-6145)0113-6.7 bh. 5) == 5) ,Ol ere 
Ribs 4 é _§ Edible portion,) — |55.5 16.7\25.8| — 7) ts 3) tae 
’ ~ ( As purchased, (20.8/43.8 13.2}20.6) — 5] Torte 
eae eon eee portion,| — |65.5/19.4/13.2| — 8). 5,1) .om 
, As purchased, | 7.2/60.7 I7.9!12.4! — .o| I, 0}-Ba5 
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TABLE 61.—( Continued. ) 





















































EDIBLE PorTION. 3 
je) 
Nutrients. za) Fs a 
7 Di ib] Efe si 
Foop MarTERIALs. 3 ae se ak = > bs 
m4 3 sa ae Poa ee 
=) 3) sles See. Ge 
2) S| es lsz\ 3) 2 
Ay Oblss] 5 
ANIMAL Foon. DAN Ge oa | CRG dalle. | Gat 
\ Beef. 
: fs | Edible portion,) — |56.2|/16.5|25.3| — ap &. 311375 
aap, 5 ~] As purchased, |21.6)44.1|12.8 19.9} — $i, Ls 11086 
Shank ros J | Edible portion, — |67.8 19.4/I11.2| — ey 29) 835 
, As purchased, 53.9/30.3| 8.9) §5.1| — A] ee) kL 
Shtiice : { Edible portion,| — |68.3 18.g/11.0] — aS} Ie Ol 81s 
, : (As purchased, |16.4/56.8]15.8| 9.5) — | .7| .8! 695 
; | Edible portion,} — 60.2/17.2/20.8] — SF icty Lit 200 
pore barter, - > ss purchased, |19.3/48.6)13.8|16.8] — | .5) 1.0} 965 
a ; : _ § Edible portion,] — |60.2/17,5/20.4) — £7\) L222 L00 
Ridecparter, ( As purchased, {16.4|/50.4/14.6|17.0 .6| I.0} ggo 
veG oy “> - = - - = 1 —- GT Tio. 544 Oi aimee |) 6| "O20 
Corned, canned, - - - oP gs 321125 ee a 3.3) 2-1) FOoO P 
eed { Edible portion,) — [54.5|15.3/24.7| — | 3.3] 2.211325 
*" = ~* “(As purchased, | 9.4/49.6/13.9|22.1| — | 3.0| 2.0/1190 
Dried, smoked, - - - “Hiha= 150..813%6) OC, cMmmOla7. 5| 2. Strood 
Veal. 
Ch k j Edible portion,} — !73.3/18.8] 6.3} — ag) 8 Ors 
fac cat As purchased, |18.9/59.5/15.3| 5.0/ — | .6| .7) 495 
ake Edible portion,! — |68.3/20.4| 9.6| — SBE Ole es 
utlet® - 7 As purchased, | 4.0/65.6/19.6| 9.2| — 71 Ol 8755 
oe i Edible portion,, — |69.2)19.0/10.1| — Sh pat) ey GO 
eae, As purchased, [17.3/57.2/15.7| 8.3} — .7| ~.8| 640 
mae portion,) — |70.5)19.7| 8.0} — 8) 1 .Obe JOR 
Shoulder, : ~ | As purchased, |19.5|56.8|15.9] 6.3] — .8} .7| 560 
Sid in) tdible-portion,}—-. |71..3/r9.2| 7:9), -— .8! .8) 690 
poe? ri 7 ~ ( As purchased, /22.6/55.2/14.8] 6.1] — 16. 2 71e535 6 e 
Mutton. we 
_{ Edible portion,) — |62.8/17.8/17.5| — .8| I.1|1070 
Leg, -  ~ “As purchased, |18.4]51.2|14.6|14.3] — | .6| .9) 875 
: Edible portion,| — |50.2/15.6/32.1| — .6| 1.5|1645 
Loin, - 7 As purchased, |16.0/42.012.7/27.5| — | .5|] 1.3/1395 
Edible portion,| — |61.9/17.0/19.3| — | «7| I.1|I130 
Shoulder, "7 As purchased, 22.5|47.9113.1|15.0) — .5| 1.0; 880 2, 
s ( Edible portion,| — |53.6)15.5/28.9} — 6] 14h 5re 
Side, 7 i eT pASepurchased, ./10. 3143. 3)12-4123 24 — ~5) 1.2)1215 
Pork. 
: ( Edible portion,) — |51.1/16.4/30.4] — .7| 1.4/1590 
Loin, - ~~) As purchased, |16.3/42.8|13.7|25.4] — | 5] 1.3]1325 
Edible portion,) — |40.7/15.2|/37.9| — | 3.5] 2.7/1885 
Ham, smoked, As pears 14.4/34.9)13.0/32.4| — | 3.0) 2.3/1605 
Salt, fat, - — | 7.9| 2.0/83.6| — | 2.9] 3.63565 
Pale portion, — |17.8) 9.6/66.0} — | 3.3] 3.3|/2960 
Bacon, - As purchased, | 8.1|16.4| 8.7/60.6| — | 3.1] 3.12715 
4 8 
all 
* 4 
id ww 
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TABLE 61.—( Concluded. ) 
s *» 

EDIBLE PorTION. g 
si 
Nutrients. S = 
cy 35 
5 : Digestible. g | 84 
Foop MATERIALS. oO o gt lie 
pe a ; el has os 
| 1 o a fe eae 
| 3) 2/88/88] & leg 
2 | Be) 3 a ee 

Ay OFlae 5 
Poultry. b | % | & | NOR |G Cn 
ckean: ; ss ea portion,, — /64.5/18.8|14.8) — .3) halve 7s 

: As purchased, 26.6)47.2/13.7)11.2| — 5) 2 Oey sO 
Benet. i wees portion,|) — |73.0|14.7/10.7| — Mol iekid a! by 78) 

! As purchased, |11.2/64.8/13.0]) 9.5) — Tin BieOes 
Fish. 

E 4 § Edible portion,) — |78.5]18.6| 1.2) — | 1.0] .7| 400 
Bluefish, ~ ( As purchased, 48.6)40.3) 9.6) .6) — sh ieee 
Codish, - °- 1) 4S purchased. 9. ole8c{torc| 4 = | eee 
Per ea.) a) o ayEaible portion,| — |53.6/2t.0/ .4| — |18.5! 6.5] 410 
: ( As purchased, |24.9/40.3/15.7| .4| — |13.8] 4.9] 310 
Salmon, canted; >. 4 = - - | 164, 8}20.4)1123)- 1,0) Tat ee 
Oysters, solids, 4 = - -.| — 7188.3] §. OF 1.3) 333) salem eee 
Butter, - - = - - < | | 4/80. Olo =. ee 
Milk, whole, - + = . ~ ee OT SO, 32a seaman S|... Ballas eo 
Milk, skim, - - - - = } == 190.5) 323). 3h. 5. Lis eee 
iiccee y= - - - - - bom 134.3/25..6132.5) 2.3] 2.0] -22alrega 

VEGETABLE FOOD. 

Buckwheat flour, | - : = = | —'|14.21'4.0| .0}76.0) =. Giegeenreee 
Corn meal, -- - - - = { ——- |12°4) 7.0) 2.2173 74)" Olea oe 
ee . ~ $ - pr 1 oi a OS siGk Olin 5.01755 
3 meal, - - - - - |" 112.0).5.8) .8177-1. See eee ® 
A an ariaed - - - - =2) <= 412.0) G27] T.OV73 6) agi 
, neat bread, .- - = - - | = 135.3). 8.0) 1.1/5.9) 28) Bae 
Rye bread, — ~ ~ - - =| 5133.51) 8.41 47516304) Tes Sen ee 
Crackers, milk, - - - - | -= 16.1) 8.0|11 23/6727) I 4a eG lees 
Sugar, granulated, - - - Se 108. Ol ee ee 
Beans, dry, - = 3 c= wn | = 413.1179) 1.60/50. 1) "o oes 
Beers 2 _§ Edible portion,) — |87.5]} 1.2} .1] 9.3] .8] 1.1] 200 
( As purchased, 2007702010 TO). ThA) eee 

Cabbare, f Beas portion,| — |90.9] 1:5] .3) 5.4| “cof Lame 
As purchased, US: 0|77 3) 163) ...3| 4.0) 2 See ee 

ae J ie portion,|°—~ 187.1). 1.41, 4) O27. spe ieees 
Ss purchased, 10.0|78.4| 1.2) Al 8.9) 2.4) eawopeeoe 

Potatoes! a ares portion,| ~=*|78.0) 1.8) 51|17. 0]. 7a eee 
As purchased, 15,0/66.3) 1.5) 115.2) ee tees 

Eee timoratees. oD oe ee — |69.0)'1.4| 36/26.0| “Sieg raheeaG 
( As purchased, |15.0/58.7| 1.2 5/22 To OP Toles 

: _§ Edible portion,) — /83.5] .3 514.4) .3) 1.0). 208 
SHES ( As purchased, /25.0/62.6} .2| .4|10.8} .2| .8 ae 
Benarae: é -| Edible portion,| — |75.2] 1.0 6/20. 9) 3 Ji daca so 

As purchased, 40.0451) 26)! Alta. 5) 5) Gevgiaoe 
Strawberries, - Ey estas portion, — j90.4/ .8) .6) 6.9) .5| .8) 170 
s purchased, |10.0/81.4| .7 56. St ae ene 
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FIELD EXPERIMENTS WITH FERTILIZERS. 


BY ECS. Pile aoe 





The field experiments conducted by the Station during the 
year 1896 have been carried out mainly on the Station land 
at Storrs. They have been almost wholly a continuation of 
experiments which were designed to run through a period of 
years, and of which accounts have been given in previous 
reports. The field work has been in four lines:— 

I. Special nitrogen experiments on corn, legumes, and 
grasses; for the purpose of studying the effect of different 
quantities of nitrogen on the yield and composition of the 
crop. 

2. A rotation soil test on the Station land for the purpose 
of studying the deficiencies of the soil and the needs of differ- 
ent crops for the different fertilizer ingredients. 

3. Experiments on the improvement of light ‘‘ plain land’’ 
soils by green manuring with legumes. These experiments 
will have to be continued at least another year before results 
of material value can be obtained. 

4. ‘The growing of different kinds of forage crops for use 
in soiling experiments with milch cows, and for digestion expe- 
riments with sheep. The main value of these experiments 
is ina study of the digestibility of soiling crops in different 
stages of growth. (See account of digestion experiments with 
sheep, beyond. ) ; 


SPECIAL NITROGEN EXPERIMENTS. 


In the fall of 1894 the plots on the field at the Station that 
had been used for several years for special nitrogen experi- 
ments on grasses, were subdivided into a number of smaller 
plots of one-fiftieth of an acre each, and experiments were 
planned for the purpose of comparing the effects of fertilizers 
on the yield and composition of two varieties of corn, and 
several varieties of legumes. Each of the smaller plots was to 
have the same treatment as regards kinds and proportions of 

15 
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fertilizers as the larger plots had received in the earlier experi- 
ments on grass. The plan of the experiment included:-a series 
of ten plots, two to be without fertilizers, and eight to have a 
fixed quantity, in each case, of ‘‘ mixed minerals’’—dissolved 
bone-black and muriate of potash. Of the eight fertilized plots, 
two were to have no nitrogen and six were to receive different 
kinds and amounts of nitrogen. On three of these last the 
nitrogen was applied in the form of nitrate of soda, supplying 
nitrogen at the rate of 25, 50 and 75 pounds per acre respect- 
ively, and the other three were supplied with sulphate of 
ammonia furnishing nitrogen at the same rates of 25, 50 and 
75 pounds per acre. 

Owing to the smallness of the plots it cannot be expected 


that the experiments will prove as valuable as regards the effect’ 


of fertilizers on yields as might be obtained on larger plots. It 
was thought, however, that the most important part of the 
experiment would be the effects of fertilizers on the composi- 
tion of the plants, and that the results would be nearly as 
valuable from smaller plots as from larger, and a greater num- 
ber of crops could thus be experimented upon. 


EXPERIMENTS ON CORN. 


This experiment was undertaken for the purpose of studying 
the effect of nitrogenous fertilizers on the yield and composition 
of two varieties of corn which differed quite widely in compo- 
sition at the start; these two varieties to be grown for a period 
of years, with the same kinds and amounts of fertilizers. "The 
seed was to be saved from the crop of each plot each year and 
planted again on the same plot the following year. ‘This is the 
second year of the experiment. One variety of corn—the white 
flint—was chosen because it contained relatively large quanti- 
ties of protein (13.0 per cent.) in the dry matter, while the 
other variety—a yellow flint—had been grown upon poor soil 
for many years, and contained relatively small quantities of 
protein (11.2 per cent.) in the dry matter. The two varieties 
were grown at opposite ends of the original large plots and 
were about 300 feet apart. The first season (1895) the seed of 
the two kinds mixed slightly, but care was taken to select the 
distinct kinds for seed in 1896. In that year the two kinds were 
planted about a week apart, and thus mixing was prevented. 
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The white flint corn was planted May 30, in check rows 
three feet apart each way, and the yellow flint was planted six 
days later. The fertilizer was applied to both series of plots 
broadcast on the gth of June. 

The growth on the plots without fertilizer was small. ‘The 
plants were spindling, and of a pale color throughout the sea- 
son. The mixed mineral plots (6a and 64) made nearly as 
heavy a growth of stalks as some of the plots recelving nitro- 
gen, but the plants were pale colored throughout the season, 
and did not develop as heavy a growth of ears. The yields on 
the nitrogen plots were in most cases much smaller where only 
25 pounds of nitrogen per acre were used than where larger 
amounts were added. ‘The increased yields, however, where 
larger quantities of nitrogen were used did not seem to corre- 
spond to the increase in nitrogen. For example, the crop 
obtained where 50 pounds of nitrogen was used, was in most 
cases nearly or quite equal to that obtained where 75 pounds 
were added. 

: TABLE 62. 

SPECIAL NITROGEN EXPERIMENT ON YELLOW FLINT CORN. 


Weight and cost of fertilizers per acre, total crop, and increase of 
crop over that of the nothing plots. ; 
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TABLE 63. 
SPECIAL NITROGEN EXPERIMENT ON WHITE FLINT CORN. 
Weight and cost of fertilizers per acre, total crop, and increase of 
crop over that of the nothing plots. 
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INFLUENCE OF NITROGEN ON THE PERCENTAGE OF 
PROTEIN. 


The tables which follow give the percentages and yields of 
dry matter and the percentages and yields of protein per acre 
for the two varieties of corn. From these tables it will be 
seen that the crop on the ‘‘nothing’’ plots (those which 
had no fertilizer) often gave a higher percentage of pro- 
tein than was obtained on many of the fertilized plots. 
Earlier work done by this Station shows that ‘‘ poor’? or 
immature corn generally has a higher percentage of protein 
than fully matured corn. This is believed to be due to 
the fact that in the immature condition of plants and seeds 
the percentage of nitrogen is naturally greater, while as the 
plants or seeds advance toward maturity the proportion of car- 
bohydrates (starch, etc.,) is increased, and the proportion of 
protein is thus relatively lessened. In the case of the nothing 
plots the growth ceases before the corn reaches maturity. For 
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this reason it is much fairer in judging of the effects of nitrogen 
to compare the composition of the crop on the mineral plots 
(6a and 64) with that on plots having nitrogen in addition to 
the mineral fertilizers. ‘Thus, if we compare plots 7, 8, and 9 


with 6a or 64, we find that the percentages of protein* in 


both corn and stover are higher where nitrogen was used, 
and that the percentage of protein gradually increases 
with the quantity of nitrogen used. This is likewise true, 
with one exception, plot 11, in the corresponding plots 10, 
Ir and 12. ‘This tends to show that the benefits obtained from 
the use of nitrogenous fertilizers on corn are two-fold. Up to 
a certain limit they tend to increase the yield of crop, and like- 
wise increase the proportion of protein, and hence the feeding 
value of the crop. 


TABLE 64. 
SPECIAL NITROGEN EXPERIMENT ON CORN. 
Percentages and pounds per acre of dry matter and of protein. 
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* The protein is estimated by multiplying the nitrogen by 6.25. The percentages of 
protein are those of the dry matter. 
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TABLE 65. 
SPECIAL NITROGEN EXPERIMENT ON CORN. 
Percentages and pounds per acre of dry matter and of protein. 
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* Percentages of protein in dry matter. 


EXPERIMENTS ON COW PEAS. 


On two series of plots of one-fiftieth of an acre each, similar 
to those on which the corn was grown, cow peas were planted. 
The results obtained on the two sets of plots were added 
together and are reported as one experiment. The kinds and 
amounts of fertilizers per plot were exactly the same as on the 
corn plots. The seed was planted in drills, June 5th, at the 
rate of about one bushel per acre. In this experiment it is 
impossible to use the seed of the crop of the year before, as the 
cow peas do not mature seed in this climate. ‘The seed has 
been obtained each year from Tennessee. It will be noticed 
from the table which follows that there was a large increase in 
yield on the mixed mineral plots (6a and 60) over that obtained 
on the nothing plots, and that in the case of the nitrate of soda 
plots, 7, 8 and 9, there was quite an increase over that obtained 
from mineral fertilizers alone. "The increase derived from the 
use of nitrogen was not very marked, however, as it will be 


FIELD EXPERIMENTS WITH FERTILIZERS. PFA 





seen that the largest yield, 10.4 tons per acre, was obtained 
where only 25 pounds of nitrogen were added. Both in 1895 
and 1896 the larger quantities of sulphate of ammonia seemed 
to depress the yields. The hypothesis has been suggested 
that the repeated use of sulphate of ammonia through quite a 
period of years may have induced an acid condition of the soil. 
This might be unfavorable to the growth and development of 
bacteria and to the formation of tubercles. It has been noticed 
that the proportion of tubercles on the roots of the plants on 
these plots was much less than on corresponding plots where 
nitrate of soda was employed. As to the correctness of the 
hypothesis and the advantage of using slaked lime to correct 
the acidity, we have no experimental data to warrant any 
conclusions. 


TABLE 66. 
SPECIAL NITROGEN EXPERIMENT ON COW PEA FODDER. 


Weight and cost of fertilizers per acre, total crop, and tncrease of 
crop over that of the nothing plots. 
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TABLE 67. 
SPECIAL NITROGEN EXPERIMENT ON COW PEAS. ” 


Percentages and pounds per acre of dry matter and of 
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* Percentages of protein in dry matter. 


YIELDS OF PROTEIN PER ACRE. 


It is of interest to note the percentages and total yields of 
protein per acre in the cow peas as compared with the corn 
where the same kinds and amounts of fertilizers were used. 
In the case of the cow peas there seems to be very little rela- 
tionship between the percentages of protein in the crop and the 
quantity of nitrogen used in the fertilizer. The average yield 
of protein on the plots having only mineral fertilizers was 19 
per cent., while the average yield on the three plots having 
nitrate of soda was 18.4 per cent., and on the three plots having 
sulphate of ammonia, 19 per cent. ‘The yields of dry matter 
per acre were not much more than half as much from the cow 
peas as was obtained from the corn and stover on similar plots, 
yet the total yield of protein per acre was greater in all cases 
with the cow peas than on the corresponding plots with corn. 

This emphasizes the high feeding value of the cow peas. 
This crop has been used for several years on the College farm, 
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both for feeding green and for mixing with corn for producing 


a mixed silage with a higher percentage of protein than would 
be obtained from corn silage alone. 


SOIL TEST EXPERIMENT BY THE STATION. 


This experiment is the seventh in a series planned as a rota- 
tion soil test experiment, the same kinds of fertilizers being 
used on the same plots year after year. Beginning with 1800, 
the crops grown on this field have been corn, potatoes, oats, 
cow peas, corn, potatoes, and oats. 


ARRANGEMENT OF PLOTS IN STATION EXPERIMENT. 


UNMANURED STRIPS SEPARATE THE PLOTS. 
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WEST. 


The field slopes gently to the south, but not enough to 
cause serious washing. ‘The soil is a heavy loam, and the 
subsoil is a yellow, clay loam. In 1889 it was noticed that the 
soil seemed to be poorer toward the west side of the field. 
For this reason the field was laid out into two half-acre expe- 
riments, the order of the plots on the two being reversed, as 
per diagram. 

The yields of the duplicate plots in each case are added in 
estimating the yield per acre. This helps to eliminate the 
errors due to irregularities of soil. Beside the regular soil 
test, two other plots were added—one (X) with a medium 
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amount (10,000 pounds per acre) of manure, and in addition 
dissolved bone-black at the rate of 160 pounds per acre; the 
other (Y) with a larger quantity (16,000 pounds) of stable 
manure, but without bone-black. | 

The field was seeded to oats on the 29th of April, at the rate 
of two and one-third bushels per acre. ‘The paths between the 
plots were seeded in the same manner as the plots. The fertil- 
izer was applied to the plots at the rates shown in the following 
table, on the 30th. This is the seventh crop grown on this 
field since the experiment was begun, the kinds and amounts 
of fertilizers being the same each year. Quite a marked dif- 
ference in the growth on the different plots could be observed 
throughout the season. On July 7th, plots having phosphoric 
acid applied in the fertilizer showed an increase in growth over | 
other plots. Plots without nitrogen were pale colored, although 
the growth was nearly as large as on the plots with nitrogen. 
From the table which follows it will be seen that where only 
one ingredient of plant food was used (plots A, B, and Coy ile 
nitrogen had the greatest influence on the yield, while on plots 
where two ingredients were combined (D, E, and F,) nitrogen 
and phosphoric acid (plot D) gave: the best results. Plot G, 
with all three of the fertilizing ingredients, gave very little 
increase over D, to which no potash was applied. ‘This tends 
to show that on the soil experimented upon potash did not 
prove of much value for the oat crop, while nitrogen and phos- 
phoric acid increased the yields to a marked extent. In this 
respect the experiment agrees with the oat experiment of four 
years ago (1892) on the same plots. Experiments conducted 
on this field with potatoes show that potash and nitrogen had 
a very marked influence on the yield, while phosphoric acid 
gave comparatively little increase. This seems to indicate that 
the special needs of different crops, as well as the deficiencies 
of the soil, must be taken into consideration before fertilizers 
can be used with the best results. It will be of interest to 
compare the yields obtained with different crops during the 
past seven years, as shown in the table below the one giving 
the yields of oats for 1896. 
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TABLE 68. 
SOL TEST WITH FERTILIZERS-ON OATS. 


BY THE STATION, STORRS. 
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YIELD 
FERTILIZERS PER ACRE. PER Pror 
6 (1-12 Acre.) 
A 
2 3 
py Kind. oy 2 = a 
iS © Ss nH 
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A Nitrate of Soda, = 160 3.96 | 104 | 140 
B Dis. Bone-black,- - 320 4.40| 93/116 
a Muriate of Potash, - 160 S248 Wed eo 
oo | Nothing, - . — — 70| 89 
Nitrate of Soda, 2 160 
e 1 Dis. Bone-black, - | 320 Sogtea) gates Mele 
{ Nitrate of Soda, 3 160 6 
1 Muriate of Potash, - | 160f) 7°97 | 11°) 15 
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Muriate of Potash, - | 160f) °°90| 97) 125 
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G Dis. Bone-black,_ - 320 }- | 12.00| 135 | 194 
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ooo} Nothing, - - — — 7Oupo2 
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. Dis. Bone-black,_ - re LR EO? TOO ASS 
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* Thirty-two pounds per bushel. 
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The yields obtained on this field during the past seven years 
are shown in the following table: 
| TABLE 60. 
Yields on Station soil test experiment for past seven years. 
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IRRIGATION IN CONNECTICUT.* 
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The subject of irrigation as related to the arid regions has 
received special attention during the past twenty years. Mil- 
lions of dollars have been expended by individuals and corpora- 
tions in some half dozen of the Pacific Coast and Rocky 
Mountain States, in order that fruits and grains may be made 
to flourish on what would otherwise be barren soils, and within 
the past few years Congress has made liberal appropriations for 
investigating the best methods of agriculture by irrigation. 
Up to the present time, however, little has been done in the 
Hastern States in the use of irrigation either on farm, garden, 
or orchard crops. But its great value has been demonstrated 
in a few striking instances by some of our leading fruit grow- 
ers, and these instances, together with the general interest that 
is being manifested in the subject, show the need of inquiry. 
Within the past two years there has been a lively agitation of 
the subject through the agricultural press of the East, and 
farmers and small fruit growers are beginning to appreciate the 
value of artificial watering, and an increasing demand seems to 
exist for all the information obtainable on the subject. 

In the Eastern portions of this country the intensive system 
of agriculture is rapidly replacing the extensive. ‘This has 
become necessary because of the rapidly increasing population 
and a corresponding increase in the value of lands. In the 
past fifty years the agriculture of New England has been 
entirely changed. A system of mixed husbandry has been 
largely replaced by special branches of farming. ‘The many 
thriving manufacturing cities and towns that are being built 
up have caused a great demand for fruits and vegetables. 





* The substance of this article is about to appear as part of a longer article by the 
author in a Bulletin of the Office of Experiment Stations of the United States 
Department of Agriculture. 
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These products have proven especially profitable where mar- 
kets are near athand. The high value per acre and the active 
and increasing demand for fresh fruits and vegetables, have 
induced many of our farmers to enter upon the production of 
these crops, and it is in such lines of farming as fruit growing 
and market gardening that irrigation has its highest value. 
In regions where the value of farm lands is high the farmer 
must obtain large crops, and those of the best quality, in order 
to pay taxes and obtain a fair profit on his investment, and to 
do this he must not only cultivate highly, but adopt every 
means within his power to prevent losses. Where the cost of 
cultivation is large the losses from drouth are felt all the more 
severely, as the expenses are essentially the same whether a 
half crop or a full crop is harvested. In the Eastern part of 
this country drouths are not usually of long duration, but 
short severe drouths are common, and they cause heavy losses 
to market gardeners and fruit growers. Losses of from one to 
two hundred dollars per acre asa result of a few weeks’ drouth 
are not uncommon. ‘The area devoted to strawberry culture 
the past season in Connecticut is estimated at not less than 500 
acres. With this total acreage a loss of $100 per acre means 
$50,000 on a single crop, for one small State. 

The experience of practical men and the experiments cited 
beyond indicate that an investment in an irrigation plant where 
market garden crops and small fruits are grown will pay 
exceptionally good interest. This is because of the high value 
per acre of such crops and the fact that in many instances the 
cost of getting and applying the water is small. The cost of 
applying water for strawberries, when an irrigation plant is 


once established, need not exceed. $10 per acre, while the 


increased yields resulting from its use may often amount to 
¢100 to $200 per acre. 


IMPORTANCE OF WATER IN PLANT GROWTH. 


The most important factors influencing the growth of plants 
are water, food, heat and light. The influence of the last 
three of these has been quite extensively studied, but with 
regard to the relation of water, one of the most important of 
all of these factors, but little is known. ‘The importance of 
an adequate supply of water in the growth of plants is well 
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illustrated in greenhouse culture, where nearly all of the soil 
receives a thorough wetting once in two or three days. Here, 
also, heat and light are toa great extent under control. In field 
culture heat and light cannot be controlled, but food and water 
may. The subject of fertilizers and manures and their influ- 
ence on the growth of farm crops has been carefully investi- 
gated during the past twenty-five years. Fertilizers, however, 
are of little use without an abundance of water to render them 
available for the plant. One of the most serious drawbacks in 
conducting field experiments with fertilizers is the fact that the 
water supply cannot readily be regulated. It frequently hap- 
pens that in seasons of drouth the value of such field experi- 
ments is almost destroyed; or if deductions are drawn from 
them without regard to the moisture conditions of the particu- 
lar season, such deductions are apt to be very misleading. 

It is important to study all possible means for conserving the 
water in the soil by preventing its escape, and thus retaining it 
where it will be available for the plant when most needed. 
Much can be done to this end by the addition of humus, either 
in the form of stable manure, or other decaying vegetable or 
animal matter, or by placing some suitable mulch on the sur- 
face of the ground, or by forming a mulch from the surface 
layers of the soil by frequent cultivation; but with all these 
helps crops will at times suffer for want of the necessary water 
to keep up a vigorous growth, unless an artificial supply is 
provided. 

A large proportion of the weight of most plants is water. 
This is familiar to all, in the fact so readily observed, that plants 


and fruits lose weight rapidly in drying. In every 100 pounds © ? 


of freshly cut grass there are from seventy to eighty pounds of 
water; while clovers frequently contain over eighty per cent. 
Nearly all of our common fruits, such as strawberries, rasp- 
berries, pears, and peaches, contain from eighty to ninety-two 
per cent. of water. The importance of this to the farmer is 
seen in the fact that when he sells such crops off the farm he is 
mainly disposing of water and a small amount of mineral salts. 

The water held in the substance of the plant, however, 
represents only a small part of that needed in its growth; a 
large amount is transpired through the foliage during the 
period of the plant’s development. 
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It has been estimated that a crop of hay at two tons per acre, 
or about six and one-half tons of fresh grass, will evaporate 
during its season of growth about 525 tons of water; that an 
average crop of wheat, of 720 pounds of grain and 1500 pounds 
of straw to the acre, will evaporate about 260 tons of water, or, 
in other words, according to these estimates, every ton of 
green grass evaporates through its foliage during the period of 
growth about eighty-one tons of water, and in drying, this ton 
of grass loses about two-thirds of its weight, so that one-third 
of a ton of hay (667 pounds), utilizes in its growth about eighty- 
one tons of water. An inch of rainfall is equal to 113 tons of 
water per acre. The above figures indicate that the water 
evaporated by the hay crop would equal about four and six- 
tenths inches of water and the wheat crop two and three-tenths 
inches. ‘These figures, of course, only represent averages. In 
very moist times evaporation would be checked and in dry 


times it would be increased. In other words, at the times 


when the plant uses water most rapidly there is the least avail- 
able amount from the rainfall. 

The importance of water in the growth of crops may again 
be illustrated in a remarkable way by the experiments in water 
culture which have been carried on for many years, especially 
in the German Experiment Stations. In these experiments 
plants are grown, not in soil at all, but with their roots 
immersed in water. ‘The seeds are allowed to sprout in some 
convenient medium, as sand or moist cotton, or in an apparatus 
devised for the purpose. When the roots are started the 
plantlets are suspended at the tops of jars so that the roots dip 
into water with which the jars are nearly filled. The water in 
the jars holds in solution the materials which the plantlets 
ordinarily obtain from the soil. The roots find this material in 
the water, use it, and the plants grow. Solutions containing 
all the essential soil ingredients of plant food are called normal 
solutions. In these plants are raised as large and healthy and 
in every way as perfect as those grown in even the richest 
soil. 

The same principle as that illustrated in water culture is 
involved in all growth of plants by irrigation. In the irrigated 
regions of Lombardy, in Italy, eight or nine or more crops of 
grass are frequently cut in a single season. On the same land | 
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and with the same manuring, but without the irrigation, only 
ordinary crops could be obtained. 

A large and variable quantity of water is evaporated directly 
from the soil. The amount of this depends upon several con- 
ditions, the chief of which are the state of the weather, the 
kind of crop on the soil, the amount of cultivation, and whether 
or not the soil is mulched. In times when rainfall is insuffi- 
cient for the best growth of crops the atmospheric conditions are 
usually such as to favor the evaporation of moisture from the 
soil. The amount of evaporation that takes place depends upon 
the amount of wind that may be blowing over the soil, and the 
degree of saturation of the air. Meteorologic data showing the 
relative humidity of the air frequently indicate that on hot, 
dry days the air contains as low as from twenty to fifty per 
cent. of its water-holding capacity. Under such conditions, 
especially in connection with winds, the moisture evaporates 
from the soil very rapidly. ‘The shade afforded by crops like 
grass and small grains tends to lessen the amount of evapora- 
tion from the soil, while crops which do not shade the ground 
as much furnish conditions more favorable for the escape of 
moisture. It is a well-known fact that mulch in the form of 
coarse hay, straw, etc., tends to prevent the escape of moisture. 
This, together with the cleaner fruit that results, is one of the 
reasons for using such materials on strawberry fields. Frequent 
stirring of the surface soil by cultivation has much the same 
effect in preventing the escape of moisture as the direct use of 
mulch. In the experiments by the writer, on the evaporation 
of moisture from heavy loam and light loam soils, the soils in 
a part of each series were frequently stirred at the surface, 
while the others were not stirred. The average loss of mois- 
ture from the soil not stirred was equal to one and one-third 
inches, while the average loss from the stirred soil was three- 
quarters of an inch. This means that not far from twice as 
much water was evaporated from the soil left ina naturally 
compact condition over that lost where the surface was mulched 
by frequent stirring. | 

It is frequently the case that plants require a very large 
amount of water during a short period of time at certain sea- 
sons of the year. ‘This is especially true when they are 
developing fruit. An abundant supply of water just before 
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and at the ripening season of strawberries usually means a 
good crop, while a ten days’ drouth at this time will often 
reduce the crop one-third to one-half below a normal yield. 
Nearly every farmer knows that plenty of rainfall when pota- 
toes are “‘setting’’ is favorable to a large crop, while drouth 
at this time is almost sure to seriously diminish the yield. 
Short periods of drouth will often so check plant growth that 
even if these periods be followed by copious rainfalls the crop 
does not fully recover itself. This is especially true with erass. 
A short hay crop is almost certain to result if the rainfall is 
small during the month of May. 


NEED OF IRRIGATION IN CONNECTICUT. : 


The majority of people fail to realize that irrigation has any 
place in New England agriculture. It is generally thought 
that our annual rainfall is sufficient to meet the needs of most, 
if not all, of our farm crops, and that any considerable 
expenditure of money for irrigation would not repay the 
expense, unless in very exceptional cases. The rainfall, how- 
ever, is very unevenly distributed throughout the year. Short, 
severe drouths are a characteristic of this climate. A high 
temperature, accompanied by drying winds, will, in a week’s 
time, frequently cause our crops to wilt, and in less than two 
weeks the crop prospects may be nearly ruined as a result 
of the absence of the water needed to keep up a vigorous 
growth. 

A rainfall of three inches per month, if fairly well distributed 
throughout the month, will probably produce an average 
growth of most farm crops. With less than this amount of 
rainfall many crops fail to make a nermal development. Dur- 
ing the past eight years the Storrs Experiment Station has 
made observations on rainfall during the growing-season in 
about a dozen different places in the State, and from these and 
others made for the New England Meteorological Society are 
taken the following figures for the rainfall for the three sum- 
mer months. From this table it will be seen that the rainfall 
has been below three inches for June, seven years out of eight; 
for July, three years; and for August, one year. 
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PART TOs 
Rainfall in Connecticut during the summer months, 1838-95. 
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The rainfall for the growing season (May to September), 
were it evenly distributed through the different months, would 
usually prove sufficient for the needs of most crops, but from the 
above table it will be seen that the rainfall for different months 
is very irregular. While the water which accumulates in the 
soil during the portions of the year when crops are not grow- 
ing may be of some benefit to crops, yet a large part of the 
water used, especially where the ground water is quite a dis- 
tance below the surface, must come from the rain that falls 
while the crops are growing. A remarkable instance of the 
excess of rainfall which often occurs when crops need the 
water least, and a deficiency during those months when crops 
use water most largely, is shown in the rainfall data at Storrs, 
Conn., for the year 1895. ‘The five summer months, from 
May 1st to September 30th, showed a total rainfall of 14.5 
inches, while the two succeeding months, October and Novem- 
ber, gave a rainfall of 13.7 inches. 

There are very few seasons during some part of which a 
drouth of more or less severity does not occur. With crops 
like strawberries, raspberries, early potatoes, and onions, a lack 
of rain for two or three weeks may lessen the crop by one-half 
or more. A striking illustration of the injury caused by short 
drouths was seen in the season of 1895, on one of the farms 
in this State where irrigation was being put into operation for 
the first time. <A field of strawberries that had been set out in 
the spring of 1894 was on too high ground to be reached by 
water conducted from the storage pond. A field of the same 
size on another part of the farm was sprinkled from pipes 


ge 


IRRIGATION IN CONNECTICUT 223 


laid on the surface. The irrigated field, with only three 
applications of water, gave a yield two and two-thirds times 
greater than that obtained where no water was applied. 

A strong argument in favor of irrigation in’ Connecticut is 
found in the high value per acre of many farm and garden 
crops. ‘The following table shows the range of value per acre 
for some small fruits and market-garden crops as given by 
practical farmers, when these crops have not been irrigated: 


Strawberries, - $200 to $450 Celery, . - $200 to $300 
Raspberries, - 200 to 400 Onions, : - I50to 300 
Asparagus, - - 100 to 200 Muskmelons, - 300 
Cauliflower, - 200to 400 


It will readily be seen that a loss of one-half on some of 
these crops, when five or six acres are grown, would cover 
quite an outlay for water. The two men in Connecticut who 
have made the most extensive use of irrigation both state that 
the cost of the irrigation plant was returned the first season by 
the increased crops obtained where water was applied. 

With crops like strawberries and raspberries the benefits 
derived from irrigation represent only a few weeks’ labor and 
a small expenditure of money. So great is the gain derived 
from having an abundance of water for these crops at the right 
time that good profits have been obtained by the use of a road 
engine and force pump. In many places this form of power 
could be hired for a few days and large profits obtained from 
its use. 

Before farming products were shipped by rail long distances 
the prices obtained for the crop in any locality depended largely 
upon the supply in that immediate vicinity. If the season was 
not a favorable one for any particular crop, and the yields were 
light, the increased prices obtained often counterbalanced the 
deficiency in the yield, so that the weather conditions did not 
so largely regulate the profits. To-day, however, if there isa 
shortage in any crop in one locality, the market, except in the 
case of perishable products, may be stocked from long distances 
away where the weather conditions were perhaps favorable for 
large yields. ‘The profits obtained by local growers are thus 
largely dependent upon the seasons, and it frequently happens 
that the season of poor crops resulting from lack of rainfall 
nearly or quite uses up the profits of favorable seasons. 


224. STORRS AGRICULTURAL EXPERIMENT STATION. 


METHODS OF IRRIGATION IN USE IN CONNECTICUT. 


The sources of water for irrigating purposes in Connecticut 
are mainly from small natural streams, from ponds, and from 
springs. No instances are known of the use of water from 
wells for irrigating purposes in this State. The water is 
usually stored either in open ponds or in large tanks. When 
the source is high enough the water is conducted on to the 
fields through open ditches or pipes, and this is, of course, the 
cheapest and simplest method. There are, however, many 
instances in Connecticut where the water can only be made 
available by some form of power, as it is below the fields upon 
which it is wanted. ‘There are two farms in this State where 
powerful rams have been very successfully used; in such 
cases the water is generally conducted through, and dis- 
tributed upon, the fields by means of pipes. Where a ram 
or other pumping appliance is used it is necessary, in order to 
reduce the expense, to economize on the use of water and to 
prevent losses by evaporation. For these reasons it has been 
found more economical to apply the water from pipes distrib- 
uted over the fields, the water being sometimes allowed to: 
flow between the rows from pipes laid along one end of the 
field. In other cases it is applied by spraying. Where the 
water is conducted to the field in ditches, as is successfully 
done in several instances in this State, it is distributed over the 
surface by means of small trenches. 


RAMS. 


Rams are one of the most economical sources of power for 
raising water. With the ram the pressure caused by a slight 
fall of the water from a canal or pond compresses the air in a 
heavy iron cylinder and this air pressure lifts the water. The 
amount of work a ram will do depends mainly upon the pres- 
sure of water. Considerable water must be available, as only a 
small portion of the total amount that passes into the ram can be 
pumped. ‘The ram used on the farm of Mr. J. C. Eddy, of 
Simsbury, is one of as great capacity as any we have found; in 
fact this particular form is just being developed, none having 
as yet been put upon the market. It is run by a 6-inch drive 
pipe, the water having a fall of seven feet from the canal to 
the plunger. It lifts the water to a height of seventy feet 
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through a 2'%-inch pipe, a distance of eighty rods, giving a 
flow into the storage pond of about ten gallons per minute. 
The only ram of similar capacity of which we have learned is 
manufactured by the Rife Co., of Roanoke, Va. The ram used 
by Mr. E. C. Warner, of North Haven, isa No. 10 Douglas 
Ram, manufactured at Middletown, Conn. ‘This is run by 
a 6-inch drivepipe, the water falling seven feet to the plunger. 
It throws water into two large tanks at a height of sixty 
feet—6oo feet distant—at the rate of five to six gallons per 
minute. 
WINDMILLS. 

Where only a comparatively small quantity of water is 
wanted, enough for a few acres at different times during the 
season, a windmill is perhaps the cheapest source of power, 
and will prove quite effectual. The storage can best be 
arranged for in a deep tank or cistern where the evaporation 
can be controlled by covering. ‘The water can be distributed 
through pipes and applied by sprinkling, if the fall from 
the place of storage to the fields is enough to give good 
pressure. 

FLOWAGE SYSTEM. 

New England furnishes many conditions favorable for this 
system of irrigation. Among these may be mentioned the 
unevenness of the surface, the many small streams with con- 
siderable fall giving plenty of available water, and the fact 
that the terrace and alluvial soil formations of our river valleys 
are greatly benefited by irrigation. These alluvial and terrace 
formations are generally light soils with porous subsoils which 
suffer readily from drouth. Where this plan of irrigating is 
used in Connecticut the outlay is comparatively slight. 

The expense for damming a small stream and thus getting 
a large storage pond is very light, and there are many places 
where the fall is favorable for conveying the water. Open 
ditches are used for conducting the water to the fields, and if 
the slope of the land to be irrigated is slight the water can be 
entirely distributed by small trenches. Some times streams 
that would be nearly or entirely dry late in the summer will 
furnish an abundance of water for such crops as strawberries 
and raspberries, grass and early potatoes, which require irri- | 
gating, if at all, before midsummer. In many cases the water 
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might also be utilized for furnishing power for cutting feed and 
sawing wood, and a conveniently located pond for getting ice 
in winter for the dairy and household, is a need felt by nearly 
all farmers. 


IRRIGATION PLANTS IN USE IN CONNECTICUT. 


There are several irrigation plants in active operation in this 
State at the present time, located in the towns of Simsbury, 
North Haven, Meriden, Glastonbury, Hamden, Thomaston, 
and South Manchester. These are the only ones known to the 
writer that are operated upon a commercial basis. 


IRRIGATION ON THE FARM OF A. J. COE, MERIDEN. 


Irrigation was commenced on Mr. Coe’s farm by his father 
about the year 1840, the water being used for the next twenty 
years mainly upon the grass crop, although corn, potatoes, and 
other crops were irrigated whenever the rainfall was deficient. 
In 1863 Mr. Coe began to use the water on strawberries and 
raspberries, and has used it every year since whenever drouths 
seemed to make its use necessary. In 1895 he was using it on 
the two crops just mentioned, and upon tomatoes, asparagus, 
and cabbage. 

The source of the water is a small stream, that, during sea- 
sons of average rainfall, would just about flow through a 
6-inch pipe without pressure. The water is stored in two 
large ponds. The upper one is used mainly for getting ice 
for very large icehouses, and to supply power for cutting feed 
and wood. ‘The smaller pond, a little lower down the stream, 
is so located that the water can be conducted through a ditch 
for a distance of about forty rods and then distributed over the 
field in small ditches. The amount of water is sufficient to 
thoroughly irrigate fifteen acres planted with a variety of crops, 
if none of them require very large quantities of water during 
short periods of time. 

Mr. Coe has not been able to accurately estimate the profits — 
obtained from irrigation, as the crops grown are used very largely 
for home consumption. Those sold go to local markets, which 
are often overstocked, and prices do not average as high as in 
some other cities. Mr. Coe, however, seemed thoroughly con- 
vinced that great profits may be obtained from irrigation where 
the expense for getting the water on to the land is not too great. 
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IRRIGATION ON THE FARM OF &. CG, WARNER, NORTH HAVEN. 


Mr. Warner began his irrigation operations about ten years 
ago, and has used the water mainly for strawberries and rasp- 
berries. The cultivated fields are so located that part of them 
may be watered by flowage from a pond supplied by springs 
and a small stream. Others are on high ground and may be 
watered from tanks located on a hill near by. A ram is used 
for filling these tanks, the source of the water being numerous 
small springs, the water of which, having been conveyed to a 
common point, makes a pond of about half an acre in area. A 
fall of six feet is obtained from the pond tothe ram, and the 
water is lifted sixty feet in height, a distance of 600 feet to 
the tanks. As this system is essentially the same as that on 
the farm of Mr. Eddy, which is fully described further on, no 
detailed description is necessary. "The water is mainly used 
directly from pipes, being sprinkled on the crops by means of 
hose. 

On the west side of Mr. Warner’s farm a small stream flows 
through a pasture, and by building small earth dams and 
ditches, the water is conveyed into a pond located a few feet 
higher than one of the strawberry fields. The fall along the 
rows of strawberries is very slight most of the distance, and 
the water is conducted across the rows near one end and turned 
down the rows as needed. At one point in the field there is a 
knoll so high that the water cannot be gotten on toa small 
area, but it is conducted around the knoll and then flows 
readily along the rows again, and over the rest of the field. 
Although no attempt was made to estimate the differences in 
yield, the crop obtained from this knoll was very much 
smaller, and the fruit of much poorer quality than over the 
rest of the field. The plants also were so much injured by the 
effects of the drouth that when seen in September they pre- 
sented a striking contrast to the plants only a few feet away 
where the water had been used. ‘The yield on this knoll was 
estimated to be only one-third as much as it was over the rest 
of the field, and Mr. Warner thinks that the crop on the whole 
field was double what it would have been had no artificial 
watering been done. The entire expense represented only a 
few days’ work with men and teams, probably costing less 
than $25, when estimated at market rates of labor. So great | 
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were the benefits derived from this small effort that Mr. Warner 
at once set about making plans to enlarge his system; and 
the past fall (1895), he has built a large storage pond, a little 
higher up the stream, where he expects to have storage 
capacity and water sufficient for four or five acres, all of which 
can be watered by direct flowage. 

Mr. Warner has obtained very beneficial results from irriga- 
tion on raspberries. He has also used it to advantage upon 
peach trees in times of severe drouth during the fruiting season. 


IRRIGATION ON THE FARM OF HALE BROS., SOUTH 
GLASTONBURY. 


The Hale Bros., of South Glastonbury, extensive growers 
of fruit and nursery stock, have long felt the importance of 
irrigation in their business, and have been for some time ma- 
turing plans for utilizing a supply of water near their farm. 
They have been delayed in getting unrestricted legal rights 
to the water, but during the fall of 1895 were able to obtain 
control of the necessary supply, and have been laying out one 
of the largest, if not the largest, system of irrigation to be 
found in this State. 

A small brook, which has never been known to go dry, has 
been dammed, and thus a reservoir formed. ‘The source of 
the water is about 5,000 feet distant from the fields to be irri- 
gated, and the fall about roo feet. Heavy cast-iron pipe six 
inches in diameter, jointed together with lead, are used for 360 
feet from the reservoir, and then a 4-inch pipe for 1,900 feet, 
or until a fall of fifty feet is obtained, after which the size of 
the pipe is reduced to three inches. ‘The pipe is carried along 
the top of the ridges of the farm, and at points about 200 feet 
apart hydrants are placed, so that the water can be taken from 
the main pipe and used for surface flowage or for sprinkling, 
It is believed that there is sufficient water to thoroughly irri- 
gate from forty-five to fifty acres of land, mainly by surface 
irrigation. ‘The contour of the land and the character of the 
soil are such that water can be distributed between the rows of 
plants and trees, so as to give a very even distribution. 

The Hale Bros. propose to use the water on small fruits, and 
ultimately on peaches. Mr. J.H. Hale is thoroughly convinced 
that the use of water on peach trees will prove profitable during 
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the fruiting time in seasons of severe drouth. An observa- 
tion that he made several years ago may be of value as 
indicating the importance of a good water supply for this crop. 
At this particular time Mr. Hale had two large orchards, one 
on the home farm, and one about two miles away, both being 
upon soils of rather dry character. Shortly before the picking 
season began he made an estimate of the fruit that he expected 
to get from the two orchards. Very shortly after a severe 
thunder storm with drenching rains occurred at one of the 
orchards, but no rain fell at the other. Otherwise, the season 
was generally dry. At the end of the harvest he found that 
his estimate for the two orchards was just reversed in the crop 
actually obtained. In other words, the crop on the orchard 
which received the heavy rainfall was just about double the 
estimate, while the crop on the other orchard fell off one-half 
fron the estimate. 


IRRIGATION ON THE FARM OF JOSEPH ALBISTON, 
SOUTH MANCHESTER. 


Mr. Albiston probably has the oldest irrigation plant in Con- 
necticut. The privilege was granted in 1796, the water being 
taken from a small stream ata point about sixty rods above 
the limits of the farm. ‘The stream is of sufficient size to about 
fill a 10 or 12-inch pipe in times of an average flow. The 
brook passes through part of the farm, and about seven acres 
of land either side of the stream can be watered. ‘There are 
two small irrigation plants now in use on the farm. In the 
older the water is conveyed in an open ditch. ‘The fall of the 
stream is such that at a very small expense for a dam practi- 
cally all of the water can be turned into the ditch. About five 
acres can be watered by this means. This plant was very 
extensively used in irrigating grass for many years, fine crops 
being obtained each season, but during the past sixteen years 
Mr. Albiston has used it for small fruits and vegetables. Of 
the area watered from the canal, about three acres are nearly 
level, having a fall of less than five feet in 4oo feet. The water 
can be conveyed by a branch ditch along one end of this area 
and then turned down between the rows of small fruits and 
vegetables as needed. About one acre, on quite a steep slope 
just below the main ditch, is thoroughly watered by seepage 
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from the canal, the water percolating through the soil a few 
feet below the surface for a distance of about four rods. ‘This 
is a very peculiar and unusual condition, and cannot well be 
accounted for. It may be due to a hardpan bottom, which 
slopes nearly uniformly in the same direction as the surface. 

A second plan of irrigation was adopted fora part of the 
farm a few years ago. Ata point near where the same brook 
just referred to enters the farm adam and small pond were 
constructed. The water of this pond is now used in the irri- 
gating about two acres of the bottom land along the brook. 

Most of the soil of the irrigated area is a gravelly loam, 
much of which has been washed down from the surrounding 
hills. About two acres of the bottom lands are of a more com- 
pact soil with a hardpan subsoil. This area has been under- 
drained and much improved. ‘The surplus water used in irri- 
gation is now readily conveyed away through the under drains. 

Mr. Albiston has found the use of irrigation especially profit- 
able on strawberries. Since he has irrigated this crop he 
rarely ever fails to obtain large yields, while before irrigation 
was employed he says failures from drouth were a common 
thing. In 1894, thirty-two square rods of land planted with 
Crescent strawberries produced at the rate of 10,400 quarts per 
acre. In 1895, with a very severe drouth in strawberry time, 
Mr. Albiston claims that his crop was the best that he ever 
produced. The black-cap raspberries and blackberries have 
each year produced exceptionally fine crops under irrigation. 
Potatoes have been irrigated during seasons of drouth. In 
1894, which was an exceptionally unfavorable season for 
potatoes, the crop obtained by irrigation yielded at the rate of 
300 bushels to the acre. Mr. Albiston is especially fortunate 
in being able to irrigate on quite an extended scale at a very 
small cost. Under conditions of this kind irrigation must pay 
a very fine profit. 


IRRIGATION ON THE FARM OF JOHN LEEK, OF HAMDEN. 


On this farm about five acres are under irrigation at the 
present time. The land is low, nearly level, lying between 
the slopes of hills, with a small stream of water passing 
through the irrigated area near the centre. ‘The surface soil 
is a fine, gravelly loam that has apparently been washed in 
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‘from the surrounding hills. Ata depth of about three feet is 
a gravelly clay hardpan, beneath which is a stiff clay. The 
land is naturally quite fertile, but a compact subsoil has pre- 
vented the escape of surplus water, while in case of drouths 
the land has baked and cracked badly. The physical condition 
of the soil has been greatly improved by drainage, and in case 
an excess of water is used in irrigating it will also readily pass 
off through the drain pipes. ‘The texture of the soil is firm 
enough to prevent washing, and the fall is about three feet to 
one hundred, so the conditions are favorable for surface flowage 
from open ditches. 

A small stream of water that would, in times of an average 
flow, readily pass through a 5-inch pipe, enters the farm 
through a narrow ravine and makes a fall of about twenty-five 
feet for the first thirty rods back from the irrigated area. 
About fifteen rods up this ravine has been built a dam and a 
small storage pond, from which the water is conveyed in open 
ditches to different parts of the field. The whole area has 
been laid out in three lots in such a way that water can be 
conveyed to the ends of the fields and allowed to run down 
between the rows of crops. The water has, in a small way, 
been used ona variety of garden crops, but quite extensively 
on strawberries and celery. Mr. Leek is so well pleased with 
the results on these crops that he is planning to enlarge his 
storage pond and to use the water more extensively in the 
future. 

The conditions on this farm are similar to those found on 
many Connecticut farms, in that the water can be obtained for 
irrigation at a nominal cost. ‘There are farms all through the 
State through which pass small streams having their source on 
higher ground near by, and all that is necessary to utilize the 
water is to build a storage pond and carry the water from this, 
by means of open ditches, to the lands to be irrigated. 


IRRIGATION ON THE FARM OF W. A. LEIGH, THOMASTON. 


This farm is located in the Naugatuck Valley, at the base of 
a bluff that rises, quite abruptly, some 350 feet above the val- 
ley. Over this bluff pours a small mountain stream that is 
quite constant, and of volume about sufficient to fill a 6-inch 
pipe in times of average flow. This stream is fed by springs 
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near the top of the bluff. By building a dam across a narrow 
ravine, 300 feet above the irrigated fields, a storage pond cov- 
ering about five acres was formed. ‘The water is conducted 
through a 3-inch pipe laid on the surface of the ground, and is 
used in furnishing power for a small granite works as well as 
for irrigating. The pressure is so great—about 125 pounds to 
the square inch—that a small stream runs a water-wheel fur- 
nishing seven horse-power. ‘The water is mainly used at night 
for irrigating purposes. 

For watering purposes, branch lines of respectively one and 
a-half and one-inch diameter pipe are laid on the surface of 
the ground some fifty feet apart. Short pieces of hose are 
attached to the line of pipe once in about fifty feet, and the 
water is applied by spraying through a 34-inch nozzle. ‘The 
pressure is so great that three or four of these 34-inch streams 
may be kept ‘‘playing’’ from a single line of pipe at the same 
time. The water is forced to a great height and spreads over 
a large area, like a lively shower. 

While Mr. Leigh has about eighteen acres upon which irri- 
gation might be applied, its use has been confined to straw- 
berries. Beginning in 1887, he has irrigated this crop every 
year since. In 1895 about three acres were under irrigation. 
The water is first applied about the time the plants bloom, and 
is continued till near the end of the fruiting season, if needed. 
Mr. Leigh prefers to use the water largely at night, as he 
claims it blackens or blights the leaves if applied near the mid- 
dle of the day when the sun shines brightly. No accurate 
comparisons as to the yields with and without irrigation have 
been made, but Mr. Leigh estimates that double the crop has 
been obtained as a result of the free use of water. 


IRRIGATION ON THE FARM OF J. C. HDDY, SIMSBURY 


Mr. Eddy is making a specialty of small fruits and vege- 
tables, and the severe drouths which have occurred each sum- 
mer for the past three or four years. have forced upon his 
attention the importance, for the financial success of his busi- 
ness, of an abundance of water. ‘The farm is located near the 
western limits of the Connecticut Valley, and is composed 
mainly of a light, porous, rather sandy soil that requires large 
quantities of water to grow crops successfully. A small stream, 
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within a narrow valley, passes through the farm, and the tilla- 
ble lands lie mainly upon slopes just outside this valley. The 
water of the stream is not very cold, and the temperature is 
raised somewhat by allowing the water to stand in a storage 
pond, where a large surface is exposed to the direct rays of the 
sun. The water appears to contain quite a little organic mat- 
ter, and doubtless furnishes considerable plant-food in addition 
to the direct effects of the water. 

It was found impossible to get the water to other than a 
small portion of the farm by damming the stream and building 
ditches; and it would have cost quite a sum even then to have 
secured the ‘‘ right of way,’’ as the water would have had to 
be taken from a point beyond the limits of the farm. ' Some 
form of pumping appliance seemed to be the only feasible 
means of making the water available for irrigation, and a ram 
was adopted as the most practicable. In order to get the nec- 
essary fall for ‘‘running’’ the ram, a canal about forty rods in 
length was dug along the outer edge of the valley. From the 
lower end of this canal the water makes a fall of seven feet, 
through a 6-inch drive-pipe, and operates a large ram located 
near the centre of the valley. ‘The water is turned into the 
canal by a small and inexpensive wooden dam. No more water 
is allowed to enter the canal than can be carried off through 
the drive-pipe of the ram. The supply that flows in the brook 
is many times the amount that even the heaviest form of ram 
could lift. 

At quite an elevation above the cultivated fields, on soil of a 
heavy, clayey nature, was a small pond that usually became | 
dry in summer. . This was enlarged by dredging, and by build- 
ing an earth dam on two sides. - A storage pond was thus 
provided with an area of about half an acre and an average 
depth of about four feet, with a bottom tight enough to pre- 
vent much soakage. ‘This pond is located about eighty rods 
from the stream, at the nearest point, and high enough to give 
good fall to most of the cultivated fields. ‘The water has to be 
lifted to a height of seventy feet before it enters the storage 
pond. Connections can be made with this pipe at various 
points between the ram and the storage pond, and the water 
be thus used directly for irrigating certain areas. The main 
pipe used is two and one-half inches in diameter, and is laid 
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only sufficiently deep, so as not to interfere with cultivation. 
Mr. Eddy has been so successful in his operations during the 
past year that he proposes to enlarge his plant and to force the 
water over a large area of land on the opposite side of the val- 
ley from the storage pond. ‘The contour lines show the amount 
of fall from the storage pond. ‘The experiment plots the past 
two years are indicated by Ex. ’95 and Ex. °96. The accom- 
panying diagram will give a clear idea of the position of the 
ram, storage pond, and the various fields that can be watered. 
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DIAGRAM OF THE FARM OF Mp, J. C. EDDY, SIMSBURY, CONN. 


(Published through the courtesy of the Office of Experiment Stations, U. S. Depart- 
ment of Agriculture. ) 
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The fields to the north of the farm buildings are wateréd 
through pipes directly from the storage pond. Some difficulty 
has been experienced in getting a good flow, because air accu- 
mulated in the pipes where these ran over a slight elevation. 
By changing the course of the pipes a little Mr. Eddy found 
that he could avoid this difficulty and get a constant fall. ‘The 
air might also be allowed to escape, under such conditions, by 
having a small petcock placed in the pipe at the highest point. 
Two acres of strawberries on the north side, which were irri- 
gated during the season of 1895, were on land of such slope 
that either surface flowage or sprinkling could be used. 


CROPS GROWN BY IRRIGATION ON FARM OF J. C. EDDY, 
SIMSBURY. 

Strawberries, muskmelons, onions, and cauliflower were suc- 
cessfully grown by irrigation, by Mr. Eddy, during the past 
year (1895). ‘These have proved especially important crops, 
because of their high value per acre, and the fact that the 
farm being located at quite a distance from markets, bulky 
crops giving smaller profits per acre would be expensive in 
handling. ‘The variety of crops grown did not necessitate 
water in very heavy quantities at any one time during the 
season, unless, perhaps, for a few days during the fruiting 
season of the strawberries. : 


RESULTS OF IRRIGATION ON STRAWBERRIES. 


Mr. Eddy had four acres of strawberries in 1895. Two of 
these were located on high ground at the east side of the farm, 
and could not be irrigated, and the other two on quite low 
ground north of the buildings to which pipes were laid 
for the water. A severe frost in May appeared to have 
destroyed many of the blossoms, and lessened the crop 
prospects very decidedly for the two acres located on low 
ground, while but little damage resulted to those on the 
high ground. Owing to this condition Mr. Eddy had expected 
to get larger returns from the field located on high ground, 
provided rainfall had been. abundant. As it was, however, a 
drouth began early in June and seriously reduced the straw- 
berry crop all over the State. At the end of the season Mr. 
Eddy found that the two acres which were not irrigated gave 
a yield of 150 crates (32 quarts each), while the two acres that 
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were irrigated yielded 415 crates. After the first few days 
picking the fruit on the non-irrigated field was much smaller 
and darker colored, and averaged only about eight cents a 
quart for the season, while that from the irrigated field aver- 
aged eleven cents a quart. It must be remembered, however, 
that the fruit from the non-irrigated field had to be sold when 
the markets were heavily stocked with berries, while much of 
that from the irrigated area reached the market after prices 
had risen, owing to the general shortage from the effects of 
the drouth. 

The water was not applied until just before the picking sea- 
son opened, although Mr. Eddy thinks better results would 
have been obtained had he begun to use the water two weeks 


earlier. The method of applying first adopted was surface ~ 
flowage, but owing to the mulch between the rows it was found _ 


that this method was a very slow one. The mulch impeded 
the movement of the water, and often changed its course from 
between the two rows where the flow was started. For these 
reasons the plan of sprinkling from hose was adopted. Con- 
demned 2-inch fire hose, with a large sprinkler, was used; this 


threw a powerful spray, covering an area about twenty feet in — 


diameter. The pressure was sufficient to give a flow of thirty 
gallons per minute, with which it was found that one man 
could thoroughly water an acre in about ten hours. Later 
experience has shown that it is better to remove the mulch 
and allow the water to flow between the rows before the pick- 
ing season opens, and then to replace the mulch if necessary. 


RESULTS ON MUSKMELONS. 


When grown on light soil and forced along rapidly early in 
the season, muskmelons have generally proved a very valuable 
crop in this State. Much loss, however, has been occasioned 
by frosts before considerable of the fruit was in condition to. 
market. Mr. Eddy has found that by irrigating he has been 
able to get the melons into market considerably earlier than 


usual, and to get large crops before killing frosts come. As 


the plants only cover a small portion of the ground early in the 
season sprinkling seems to be the best method of applying 
the water, and where the soil is loose and porous, with consid- 
erable fall, sprinkling is, without doubt, the best method for 
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the entire season. By applying water once in five or six 
days, when a lack of rainfall seemed to make it necessary, Mr. 
Eddy finds he has been able to cause steady growth of the 
vines and to get a much larger yield than could have been 
obtained without artificial watering. ‘There was much com- 
plaint as to the general quality of the fruit of muskmelons in 
the market in 1895, but Mr. Eddy says the flavor of his fruit 
was better than ever before, as attested by many of his custom- 
ers. This may be a valuable feature of irrigation upon this 
crop; however, further experimenting will be necessary to 
establish this fact. The melon crop grown upon one acre by 
irrigation sold for $350, and the vines were ‘‘full of fruit” 
_ when they were killed by frost September rq. 


ONIONS. 


This crop did not suffer materially from drouth during 1895 
in this State. Mr. Eddy’s crop, however, was grown upon 
very light soil, and he had the ground thoroughly sprinkled 
once during the growing season. A small portion of the field 
could not be reached with the hose, and this was allowed to go 
without artificial watering. No measurements of the crop were 
made, but when visited by the writer, while the crop was being 
harvested, considerable difference could be seen between the 
crop on the irrigated land and that on the small strip which 
was not irrigated. One thing especially noticeable in addition 
to the smaller yield was the increased proportion of small onions 
where no water had been used. 


CAULIFLOWER. 


About one acre of this crop was grown during 1895. ‘The 
crop was grown on a field of medium heavy loam only a few 
feet above the bottom lands of the valley. ‘The fall across the 
field, lengthwise of the rows, was at the rate of three feet per 
hundred. From a 2%-inch pipe, with a 2-inch hose, about 
forty gallons of water per minute could ‘be obtained, and only 
about eleven minutes were required for the water to flow from 
one end of the rows to the other, a distance of 175 feet. The 
water was applied once in about five or six days, if the lack of 
rainfall seemed to make it necessary. ‘The cauliflower headed 
earlier than usual in 1895, and the crop sold readily at about 


¢400 per acre. 
Hi. 
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EXPERIMENTS ON THE EFFECT OF IRRIGATION ON STRAW- — 
BERRIES. 

In June, 1895, the Station began some experiments on the 
farm of Mr. J. C. Eddy, for the purpose of studying the effects 
of irrigation on the quantity and quality of strawberries, and 
to ascertain some facts regarding the profits to be obtained 
from the use of irrigation. 

It is hoped that this will prove the beginning of a series of 
experiments in this State on the effects of irrigation on a vari- 
ety of crops. ‘There are many questions that it seems desirable 
to investigate in connection with the subject, such as the dif- 


ferent methods of applying water and the relative advantage of | 


each, observations on soil temperature, determinations of the 
amount of plant food supplied in the water used, and chemical 
analyses of fruits for the purpose of determining the amounts 
of sugar where the crop is irrigated or not irrigated. The 
work was undertaken so late in the season that observations 
were made only on the yield, and on the quality of the crop, 
as indicated by taste and appearance. 


PLAN OF THE EXPERIMENT. 


A section of about two acres was chosen from a field of 
strawberries. The soil appeared to be nearly uniform, and the 
conditions were favorable for applying the water. The field 
had been set to strawberries in the spring of 1894. The 
‘“Haverland’’ was the variety used, with every fourth plant in 
the row a “‘ Jessie,’’ the latter being used for fertilizing. The 
plots were laid out 115 feet long and twelve feet wide, three 
rows toa plot; two plots being irrigated and two not. Two 
rows were left between plots, which were not included in the 
experiment, in order to thoroughly separate the irrigated from 
the non-irrigated sections. The plots were to be irrigated 
as often as seemed to be necessary to get good commercial 
results. 


RESULTS. 


The following table gives the yields in quarts and pounds 
for each day when fruit was picked. The picking, by a repre- 
sentative of the Station, was done as often as seemed necessary 
to have the fruit in good marketable condition. 
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TABLE 71. 


Irrigation on strawberries. Yields on wvrigated and non- 
errigated plots. 











Plot r, | Plot 2, Non- Plot 3, | Plot 4, Non- 

Date, Irrigated. | Irrigated. Irrigated. Tene, When Watered. 
= = = = ase ee 

1895. Qts. | Lbs. | Qts.| Lbs. | Qts. | Lbs. | Ots. | Lbs, Watered June ro. 


one ts.) 11) 1.6*| 4.0) 5.6* S205) 65.57 a2" 




















| 3.0) 
June 14,| 4.0 | 6.0*) 6.0) 8.4* 4.0 5.6*| 6.0] 8.4* 
June 15, |12.0 | 18.0*| 12.0) 16.8* 13.0 | 18,2*| 6.5| 9.1*| Watered. 
Jame 47, ).19.5 | 29.1 |.18.0)25.6 | 25.0 | 34.8 | 18.0) 24.9 
June 18,/14.0 /19.1 | 6.0] 8.0 | 14.0 Gh Sy oa anc YE lng 9s 0) Watered. 
June 19, |14.0 |19.1 | 5.0] 6.5 17.0 2312 119 498) SOs 
| Watered part in eve. 
Wines20,7 21:0 127.8 | 3.0) 4.0 | 12.0 Ter es Ole 38 of 20th, balance 
| early A. M. 2Ist. 

Piimee2tet0,8 | 22.2 3.0] 3.2 | 11.8 TAS 30) 96 ' 
ence )t0.0°|1274 | 3:0! 4.4 | 6.0 | Tea aie os OF eet 
June 24, 25.0 /34.0 | 4.5] 5.3/1 ( ) (4) | @ 
June 25,/ 6.of/ 8.4t/t1.5] 1.8 | 32.0 | 42.7 5.0; 6.8 
uter2G./14-0120.8 | 1.3)> 1.7 | 7.0 | 10.1 hy 220ln 350 
June 27,|} 9.0 | 12.2 BON EON 1315) Anz Oi LO 
June 28,| — ee cm mei) pe eee Meme Rainy. 
June 29,/ 4.0| 5.5 | I.o] 1.1] 3.5] 4.9] r.0| 1.4 
Ta 5254|) 7-9 | 0.5] 0.8 | 6.0] 8.3 | 0.5] 0.9 
July 5,| 2.0] 2.4|—]/] — | 1.0] 1.4] — | — 

- Total, 176.9 |246.5 | 69.8] 94.2 |159.7 215.2 | 62.0) 84.1 




















* Assumed to weigh same rate per quart as on une 
+ Not picked. { Not all picked. 


Comparative yrelds tn quarts on trrigated and non-irrigated plots 
of strawberries 1895. 


PLOT 1? IRRIGATED: 





PLoT 2, NON-IRRIGATED. 





PLOT 3, IRRIGATED. 





PLoT 4, NON-IRRIGATED. 





The yield on the two irrigated plots was at the rate of 5,318 
quarts per acre; and on the two non-irrigated, at the rate of 
2,083 quarts. 

Water was used on the irrigated plots on June 10, 15, 18, 
and 20. ‘The water was applied by means of 2-inch hose from 
a 2%-inch iron pipe laid on the surface of the ground. ‘The 
size of the stream and the force of the water was sufficient to 
give thirty gallons (about one barrel) per minute. At this 
rate of flow one man could sprinkle about one acre per day. 
The ground was given a thorough wetting each time. 
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There was very little rainfall during the first twenty-five 
days of June. Seven-tenths of an inch fell between the 2d and 
6th, but from the 6th to the 22d no rain whatever fell. On the 
22d there was .25 inches, and after the 25th of the month rain 
was quite abundant. Strawberries, generally, began to feel 
the effects of the drouth by June 17th, before the picking season 
was more than one-third through. 

It will be noticed that for the first two pickings the results 
were in favor of the non-irrigated plots, and that the yields on 
the non-irrigated plots were nearly as great as on the irrigated 
until after June 17. For the second picking (June 14), the 
two watered plots only gave eight quarts while the two not 
watered yielded twelve quarts. ‘This tends to show that irri- 
gation retards the development of the fruit and causes it to 
ripen a little later. Mr. Eddy noticed this same condition on 
his larger fields. During the first few pickings the fruit from 
the non-watered plots was noticed to be sweeter, but that from 
the watered plots were larger and ‘looked three centg per 
quart better.”’ 

On June 17th the leaves of the plants on the non-watered 
plots began to wilt quite badly and the berries to shrivel, and. 
by the 18th the leaves were so dry as to break off, and the 
unripe fruit to shrivel and stop growing. The plants on the 
unwatered plots continued to dry, the leaves began to fall, and. 
the fruit was small, dark colored, shriveled, and seedy. 

On June 24th the writer visited the fields and made the fol- 
lowing notes: ‘‘ Plants on non-irrigated plots are drying badly. 
Leaves shriveled, and many dry and dead. Fruit small, dark 
colored when ripe, and shriveled and seedy. Hulls shriveled. 
Fruit looks over-ripe when picked. The darker color is prob- 
ably due to the increased sunlight that the fruit gets, owing to 
the shriveled condition of the plants.’’ 

‘‘ Plants on the irrigated plots look fresh and vigorous; fruit 
large and abundant; much green fruit continuing to develop. 
Size of berries large, color bright. Fruit not quite as sweet as 
on the non-irrigated plots. Should judge the fruit from irri- 
gated plots would sell for two to three cents per quart more 
than that from non-irrigated.’’ 

Mr. Eddy found that the fruit from the non-irrigated plots 
had to be sold for an average of nine cents per quart while that 
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from the irrigated areas brought eleven cents. At these rates 
per quart the fruit on the irrigated plots sold at the rate of 
$584.76 per acre, and that on the non-irrigated at the rate 
of $1 87.47 per acre, a difference of $397.29 per acre in favor of 
irrigation. 

It will be readily seen that even with two acres of straw- 
berries the increased returns obtained by the use of water 
would furnish quite a sum toward covering the expense of an 
irrigation plant. 


SUGGESTIONS REGARDING IRRIGATION. 


The contour of most of the land of Connecticut, and, in fact, 
of all New England, is such as to readily admit of the convey- 
ance and application of water for irrigation. Streams, ponds, 
and springs are common and, except in cases of severe drouths, 
furnish an adequate supply of water. Many crops like straw- 
berries, raspberries, and early vegetables need irrigating, if at 
all, early in the season, when the supply of water is often suf- 
ficient, while, perhaps, later in the season it would not be. 
Much of the land that would be improved by irrigation is in 
valleys, close to streams and ponds, which in many cases are high 
enough to give a moderate flow on the areas below, so the cost 
of getting the water would be merely nominal. ‘The soils used 
for our most profitable crops are generally light and porous and 
leach water readily, but are just the kind that most need irri- 
gating; while our best money crops, such as small fruits and 
vegetables, are heavy users of water. There is no need of 
drainage in connection with irrigation on soils of this class as 
is often the case where the surface soil is compact. 


SOURCES OF WATER AND MEANS OF MAKING IT AVAILABLE. 


The sources of water for irrigation in Connecticut are natural 
or artificial ponds, streams, and springs, and in- some cases 
wells. In many cases ponds are so located that water can be 
conveyed from them to fields on lower ground by means of 
open ditches, the expense depending upon the distance and the 
character of the ground to be passed through. This is often 
the cheapest method for securing water. When the supply is 
large the loss of water occasioned by soakage from the ditch or 
evaporation is not of serious consequence. The fall of many 
of our small streams is so great that by building a small dam 
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the water may be turned from its natural course and conveyed 
in ditches along the outer edge of the valley and then allowed 
to flow over the surface of the fields back of the natural stream. 
A number of instances have come to our notice where the light 
alluvial soil of our valleys might thus be watered at small 
expense. In many cases the water could be taken from an old 
mill site and would be found sufficiently high to use for irriga- 
tion after it leaves the water-wheel. The water from several 
springs may some times be conveyed toa single point and then 
held in a small pond and the water drawn from this as needed. 
Where only small areas are to be irrigated wells may be made 
a source of water supply. The well must afford a large flow 
and should be so located that the water can be stored at some 
' point at least twenty-five feet above the fields to be watered. 
In many cases bored wells might be utilized and afford a heavy 
flow of water. 
“PUMPING APPLIANCES. 


Rams.—In many places in Connecticut the source of supply 
is below the fields to be irrigated and the water can only be 
made available by some pumping device. ‘The cheapest sources 
of power are water and wind, although steam and electricity 
may be profitably used where the water is wanted only for a 
short period. A ram, under many conditions, is the best 
power. As only a small part of the water that is needed to 
operate the ram can be pumped, the supply must be quite 
large and the ram of heavy capacity. If the water is lifted 
over forty or fifty feet high the strain on the ram is quite 
severe and all the parts must be securely and strongly made. 
But few styles of rams manufactured in this country are pow- 
erful enough to supply water for anything but small areas 
(four to eight acres). 


Windmills.—If wind is the form of power to be used the 
mill should be constructed of the best material, and be strong 
and secure in all its parts. Cheap forms of mills should 
be avoided in all cases. ‘The best steel mills are the cheapest 
in the end. The mill should be located on high ground so it 
will “‘catch’’ the wind from all directions and so the place of 
storage may be sufficiently above the fields to be irrigated to 
give a good fall. The average velocity of the wind in New 
England is about twelve miles per hour. A 14-foot wheel will - 
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do good work with a wind of ten to fifteen miles per hour. 
Of course the movement of. the wind is very irregular, but 
there is usually sufficient to afford power to supply water for 
five to eight acres, by having a large storage tank. Wheels 
of large diameter are to be preferred in order to utilize light 
breezes. 


Steam power.—When water is wanted for a short time on 
one or two crops which generally give good profits, some form 
of engine and pump may be economically used. The Wiscon- 
sin Experiment Station has watered a variety of crops in this 
way and has shown this method of irrigation to be a profitable 
one. By the use of a No. 4 Rotary Pump, driven by an 8-horse 
portable farm engine, Prof. King of that Station writes* that 
he has ‘‘ drawn water through 11o feet of 6-inch suction pipe, 
raising the water to a height of 26 feet at the rate of 80,320 
cubic feet per ton of soft coal, which is equivalent to 22% 
inches of water per acre or over 7 acres covered to a depth of 
3 inches. But this amount is much less than would have been 
moved with the same fuel had the pump been provided with a 
larger discharge and could the water have been used as rapidly 
as pumped so as to have made frequent stops unnecessary.’’ 
For crops like strawberries, raspberries, and some vegetables 
which give large returns per acre. and require water only 
for short periods of time, steam may be economically used as a 
source of power for pumping. On many farms a portable 
engine might be profitably rented for a few weeks during the 
strawberry season. ‘This is a time when farm engines are sel- 
dom wanted for other purposes. Naphtha or gasoline engines 
of five to six horse-power are economical of fuel, can be easily 
operated, are of lighter weight than coal engines, and as a 
source of power they are worthy of careful consideration. 


Electricity.—The recent wonderful developments in electric- 
ity point to that as one of our cheapest sources of power. 
‘Where such power is convenient we believe it can be economi- 
cally used for pumping water for use on small fruits and some 
vegetables. 

THE STORAGE OF WATER. 

‘When the source of the water is below the fields to be irri- 

gated some means of storage must be provided on high ground. 


* ‘The Soil,’’ page 274. 
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This may also be necessary in order to provide greater pres- 
sure, in cases where streams are utilized. If the supply of 
water is limited it will be found necessary to prevent waste as 
far as possible. This can best be done by storing the water in 
a tank or cemented reservoir, where but little evaporation and 
no loss by soakage can take place. If tanks are used they 
must be strongly built and of large capacity. Tanks of 15,000 
to 20,000 gallons capacity are needed to supply water for five 
or six acres planted to a variety of crops. 


Reservoirs.—Where large quantities of water are to be stored 
the open reservoir is the only practicable plan. If this is used 
in connection with some pumping appliance the losses by soak- 
age and evaporation may be of serious consequence. ‘These 
losses may be reduced if the bottom is of clay and the banks 
are so constructed as to avoid soakage. Loss by evaporation 
may be lessened by having the surface area small, while the 
desired capacity may be gotten by having a greater depth. 


DISTRIBUTION AND APPLICATION OF WATER. 


The oldest and most common method of distributing the 
water over the fields to be irrigated is by means of small 
ditches. These can be made by turning a furrow with a plow 
along the highest part of the field to be watered. By having 
a number of lines of these ditches parallel to each other along 
the slopes of the land the water may be let out on the lower 
side of the highest ditch and distributed over the land between 
this and the next ditch, while the second ditch will catch the 
surplus water. A man with a hoe removes obstructions and 
directs the water by opening small water courses. With a 
little attention the water can be made to touch nearly all parts 
of the field. 

_ For crops like strawberries, when the water must be run 
between the rows, these should extend up and down the slope. 
Only a slight slope is needed to give free movement to the 
water; from three to six feet for every one hundred feet is 
better than a greater fall. With a heavy fall, and especially 
if the soil is sandy, serious washing will often result. In case 
mulch is used on strawberries it is found to interfere badly 
with the flow when the water is applied by surface flowage. 
If mulch is thought to be necessary to keep the fruit clean, 
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water should be applied freely just before the picking season 
begins and then the mulch applied. Prof. E. S. Goff, of the 
Wisconsin Experiment Station, has successfully used wooden 
troughs for distributing the water. ‘These are made of rough 
boards ten and twelve inches wide, nailed together V-shaped, 
and are supported on stakes across the upper ends of the rows 
in such a way as to give a slight fall across the field. By 
means of small auger holes the water can be made to flow out be- 
tween the rows. With small strips of tin, gates are made over 
these holes so that the amount of flow can be regulated. 

If the water supply is limited iron pipes may advantageously 
be used in distributing the water to the points where needed. 
The water may either be allowed to flow from these over the 
surface or be applied by sprinkling. Unless the fall is very 
great (100 feet or more) these pipes should be at least two 
inches in diameter. If the distance is great and the fall does 
not exceed too feet there will be a serious loss of power by 
friction in case small pipes are used. Condemned fire hose two 
to three inches in diameter can be bought in most of our large 
cities, and if the fall from the reservoir or tank is fifty feet 
or more a heavy spray can be obtained by their use. A flow 
of twenty-five to forty gallons per minute seems to be neces- 
sary in using iron pipes and hose, in order to apply the water 
as rapidly as is desirable for strawberries. 

In case a fall of 200 to 300 feet can be obtained, and the 
water can be conducted in pipes, it may be applied by means of 
lines of perforated pipes laid on wires over the fields. By this 
method very little labor is necessary as the water can be turned 
from one line of pipe into the next at pleasure. This method 
of irrigating strawberries was successfully carried on for a 
number of years by Dr. J. B. Learned, of Florence, Mass. 
The source of the water was the aqueduct supply af the town. 
Later the project had to be given up because the town needed 
all of the water for household and manufacturing purposes. 
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DIGESTION EXPERIMENTS WITH SHEEP. 





BY C. S$. PHELPS AND A. P. BRYANT: 





One of the most important factors in the study of the laws 
of animal nutrition is the digestibility of the food. Only that 
portion of the food which is actually digested by the animal 
can be used for nutriment. Chemical analysis alone does not 
tell the nutritive value of the food, but the chemical composi- 
tion taken in connection with actual digestion tests indicates 
quite accurately what portion of the food may be available for 
the nutrition of the animal. From experiments made else- 
where it has been found that differences of age, breed, and 
species of ruminants make comparatively slight differences in 
the proportions they digest from any given material. The 
digestibility of a feed by a sheep can be taken asa tolerably 
Correct measure of its digestibility by a cow or steer. As 
sheep are easier to experiment with than the larger animals, 
and as many of the feeding experiments by the Station are 
with sheep, they have been employed in the digestion experi- 
ments which are here reported upon. 

In order to learn more of the digestibility of feeding stuffs, 
and because of the need of digestion factors for use in connec- 
tion with feeding experiments, the Station began in 1894 a 
series of digestion experiments with sheep. For a description 
of the method of conducting these experiments the reader is 
referred to the Annual Report of the Station for 1894, pages 
107-109. It will suffice to say here that the feeding stuffs, 
the uneaten residues, and the feces were weighed and analyzed, 
and the differences between the amounts of organic matter and 
nutrients in the food eaten and in the feces were taken as the 
measure of the amounts digested. The sheep were kept in pens 
about five feet square, with mangers so arranged as to prevent 
loss of food by scattering. The feces were collected in rubber- 
lined bags. Each experiment lasted twelve days. ‘The first 
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seven days were devoted to preliminary feeding, during which 
the feces were not collected and each animal had the run of its 
pen. At the end of the first seven days the sheep were placed 
in a narrow stall where they remained during the five days of 
the digestion experiment proper. In these experiments, as in 
_ those with men, the metabolic products in the feces are counted 
as if they were part of the undigested residue of the food. 
The heats of combustion of the food and feces were determined 
by the bomb calorimeter, and the results taken as the measure 
of the fuel value. The nitrogenous matter of the digested 
food is not completely oxidized in the body, but a portion is 
eliminated with the urine in urea and kindred compounds. 
The potential energy of these compounds does not become avail- 
able to the body. Its amount is roughly calculated in the 
manner described on page 178, in the discussion under diges- 
tion experiments with men. ‘The assumptions there made 
probably give rather too low results. Late research seems to 
indicate that a larger factor should be assigned for the fuel 
value of the nitrogenous matter of the urine. This subject is 
now being studied by the Station. Meanwhile the values here 
given may be considered as approximately correct. 

General conclusions from these experiments will hardly be 
possible until more data are available. One point is, however, 
brought out very clearly. Among the feeding stuffs tested, 
those rich in protein, such as the legumes, are much more 
digestible than those with little protein, such as corn fodder, 
oat fodder, millet, and the like. 

Table 72, which immediately follows, gives a summary of 
the results obtained in the digestion experiments thus far 
made with sheep by the Station. These experiments are 
arranged, according to the character of the feeding stutts 
used, under the headings: milling products (with hay), cured 
fodders and hays, and green fodders and grasses. The details 
of experiments Nos. 1-9 will be found in the Annual Report 
for 1894, and Nos. 10-27 in the Report for 1895. The detailed 
account of the other experiments (Nos. 28-45) follow the 
summary table. 
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TABLEUg2: 


SUMMARY OF RESULTS OF DIGESTION EXPERIMENTS 
WITH. SHEEP, 


Percentages of total nutrients and of fuel value of nutrients 
actually digested. 












































rau a Eesha ge (cee: 2 |e8icg 

FEEDING STUFFS. 3 Bei) Sale ee a | a | eis 

|& | 2 lez) | 2a) |S Sale 

Milling Products (with Hay), % | % | %| 4 | G | ee 
Bran, corn meal and hay,*  - Ge Te 48 .0/60.6'71.5|45.6 5.9 62.7 57.6 
Bran, corn meal and hay, = Sali clinneyL) 62.1'72.9 76.1/59.6/26.6 70.8 66.4 
Bran, corn meal and hay, so (4a e720 69.1 80.1 60.7 32.072.8 67.9 
Bran, corn meal and hay, - | 4] D |§2.2/71.2/77.7/55.2/27.4|/69.6/65.2 
Average, 5 “ bap ke oar ry | eas 55.0) 68.5. 76.4 95.3 23.0 69.0 64.3 
Bran, corn meal, linseed meal, Pipony as 73.5|64.7/73.8/59.0|26.8/70.1 63.6 
oat and pea meal and hay,t §//2 > D 71.271.2 74.9 60.8 28.2 70.9 64.8 
Bran, corn meal, iinseed meal, @OREC De ee 72.877.069.2/40.9/75.0/70.3 
oat and pea meal and hay, §//3 D 171.6 73.4/73.6 01.1 20.9/70.3 65.4 
Average,- - = - - | —/| — /73,4) 70.5 74,8 62.5 29.2 71.6 66.0 
Soy bean meal and timothy hay, P12 |7A 75.871.1 66.7 61.2.42.068.5 62.9 
Soy bean meal and timothy hay, | 12 B 77.0|76.7/69.061.2/51.6/70.5/65.9 
Soy bean meal and timothy hay, | 12, C 80.0/77.4/68.4/63. 148.9 71.5/67.0 
Soy bean meal and timothy hay, | 12 | E 76.0.71.460.9/56.7/51.1/65.4 61.3 
Average,- - = - | — | — |97.9 74.2 66.3 60.6 48.4 69.0 64.3 
Soy bean meal and timothy hay, | 13. A '77-0,74.1/62.259.7/52.0/67.0/62.8 
Soy bean meal and timothy hay, WV 13 1B 77-4'73.3,06.5 63.1 36.8/69.5/64.0 
Soy bean meal and timothy hay, | 13. C 78.5 '72.0/63.5/55.8/45.3/66.9/62.7 
Soy bean meal and timothy hay, 13. E 80.0 73.1/71.8/69.5/48.6|73.7/68.7 
Average,-  - - - | — — |78,2 73,1 66.0) 62.0) 45.7 69.3] 64.6 
/ / | 

Experiment 12, calculated for | / | 

digestibility of soy bean meal} | — — '85.1|86.6/73.6| — |26.3/77.5/72.2 


above average, - = - / 
| 


Experiment 13, calculated for | | | 
— | — |86.6/83. 2/73. 1) — 116, 2\78 aie 


digestibility of soy bean meal 
above average, - - - 
Average of experiments 12 and 
13, eight tests, calculated for 
soy bean meal alone, - - 


| 
| 
| 


— — 85.8 84.9784 — 21.3 78,0 72.6 


mixed grasses, - ‘ 70.3 62.1 65.2'44.7 31.6/62.0/57.0 


Coarse bran and rowen hay, 
mixed grasses, - - - 
Coarse bran and rowen hay, 
mixed grasses, - - - 
Coarse bran and rowen hay, 
mixed grasses, - - 
Average, - - « 


: | 
68.9154.9 00. 7147-8 3052 aa 57.1 


'63.1/57.8 


A 
B 

32 C 71.5 06.0 69.4 56.4 33.5 67.1 62.4 
r | | 


67.5 60.767.4 47.0 24.3 
— 69.6 60.9 67.2 49.0 29.9 63.7 58.6 


Experiment 32, calculated for 
digestibility of coarse bran, 


average, - - - - 





| 








| 
Coarse bran and rowen hay, | 
) 
( 
) 
| 
| 
\ | 


~ — 70.8 72.2 67.2 16.2 17.2 61.3156.6 





* The wide ration of sheep feeding experiments, pp. 92-106, Report of 1894. 
+ The narrow ration of sheep feeding experiments, pp. 92-106, Report of 1894. 
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TABLE 72.—( Continued. ) 





























iS | aw (he - os| ,: | 243 , 
ee ee gat MR pet oe | e2\/38 
FEEDING STUFFS. a | 2 x | lad rn 3 | So ai oe 
2 Pear | a }Oa | & 
Milling Products (with Hay). | g\al¢\ale\alz 
No. 2 wheat middlings and) HY 2 eee 
rowen hay, mixed grasses, - § 33 | PSOE hae ene 441. ui se sO. 9 
No. 2 wheat middlings and} ee .| 
rowen hay, mixed grasses, - | 33 B '|76.1)68. ?| it 9 54- 6 32. 5 69. 264. 4 
No. 2 wheat middlings and) | | 
rowen hay, mixed grasses, - J 39 C |70.9)71. 7 73. ole 3 28.869.163.7 
No. 2 wheat middlings and} | 
rowen hay, mixed grasses, -{ 29 ey 6 70. Steet 58. 6132. 5/08 7 |B ae 


Average, - - - . — | — |72, ] 70. 7 71. 7 59. 5 33. 9 68.9 64.0 

Experiment 33, calculated for ) | | 

digestibility of No. 2 wheat} — | 
middlings, average, - - \ 


75: y 88.8 75. 6 30. 2 95.0 71.3 67.3 
| | Pe gitca 
Cured Fodders and Hays. | | | | 





Bees 150. 5 67. “66. 254.8 




















Rowen hay, mixed grasses,/ {8 A 66. 7\60.9 
chiefly Kentucky blue grass,{ (8 B 67.644.062.9 65.4149. 463. 5|57.1 
Rowen hay, mixed grasses,/) {8 | C 70.2'45.662.6/66.1/55.5/64.1/58.1 
chiefly Kentucky blue ot \ | t 8 | D 68.4|44.6)67.0/68.2/52.4/66.3/59.5 
Average, - ss — | — |69.1/ 46.2| 65.1) 66.5) 53.0 65.2 58.9 
Rowen hay, mostly timothy, - g | A |66,1) 50.8 64.9165.2/50.8 64.459.3 
Rowen hay, mostly timothy, - 9 B 69.4)48.2'60.9/62.0/74.6/62. 0158.6 
Rowen hay, mostly timothy, - | 9 C 68.2\48.763. 5 65. 2/53. .2/64.1/58.3 
Rowen hay, mostly timothy, - QD 68. 3/50. 3/64. 3/73.4|46.9/67.2/60.9 
Average,- - -  - | — | — 68.0/49.5 68.4/66.5 56.4| 64.4| 59.3 
Rowen hay, mixed grasses, - 30 A (67.747.266.665.942.565.659.3 
Rowen hay, mixed grasses, - 30 | B |68.2\/49.4 66.9 66.7 37.3 66.2)60.6 
Rowen hay, mixed grasses, - 30 | C |70.8|50.6/68.5/69.2/41.8/68.1/62.4 
Rowen hay, mixed grasses, - 30, D 69.1 47.2 66.8)64.6/38.8 65.6 60.0 
Average, - : - - —)| — 69.0/48 6 67,2 66.6 40.1 66.4 60.6 
Rowen hay, clover, field cured, | 28 | A |60.3|58 3/63.1/47.6|42.4/58.1 53.0 
Rowen hay, clover, field cured, 28/105 65.1,60.4 64.1/50. 7145.8 60.5/54.5 
Average, - - - - — je (62.7 59.4 69.6 29, 1 44, 1 59.3, 53.8 
Rowen hay, clover, barn cured, 29 | C.|69.1/60. se 2| a 450. 3) [59-7/54-2 
Rowen hay, clover, barn cured, 29 D 64.759.9 61 5/58.0/53.0 
Average,- =; | — (66.0 60.2 62. 6 45.8 47.4 58.9 69.5 
Average field and barn cured) _  __ 64.8 69,8 62.8 47.4 46.7 59.1 63.7 
(four tests), - - aay | | | : | 
Scarlet clover hay, field cured, Io +A ae sl49. 2/59. 439.8148. 4/52.9148.3 
Scarlet clover hay, field cured, | Io gull 67. 8 49. 2/62.7/41.4/41.5/54.9/49.6 
Scarlet clover hay, field cured, | 10. e ee 9/45. 9187. 3/46.4/46.8) ee aces 3 
Scarlet clover hay, field cured, | 10 | 5/52.460.7.47.3/51. 25 51.9 
Average,- - 9 -  - (— — 68.8 49.2 60.0 48.8 47.0 54.8 60.0 
Scarlet clover hay, barn cured, | 11 | A (67.2/32.8'59.8.47.0/45.6/56. 2'50.0 
Scarlet clover hay, barn cured, | II | B 67.6/29.5 ae 6.48. 9147.2 yA Toe pe a 6 
Scarlet clover hay, barn cured, Ir | C |73.2/42.3|03. 9/42.8\49.7/57.8/52.1 
fee a wt | olpgiea.a 61.8 46.2 47.8 67.2 81.2 
Average field and barn cured Pilhses. | yt 7 43, 0 60, 8 44. 8 47. 2 55. 8 50. 5 
(seven tests), - - *) 
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TABLE 72.—( Continued. ) 









































FEEDING STUFFS. 3 | 2 lex & |e8] 2 a ae ale 
La | | Ae zie | OF 
Cured Kodders and Hays, | | % % % % % % G 
Oat hay (early seed), : - | 31) A |52.3/60.5/52.3/45.6/19.6|50.7/46.6 
Oat hay (early seed), ‘ : 31 | B [53.9/62.1/51.3|42.0/42.1/49.2145.5 
Oat hay (early seed), - - 51m C |57.7/63.0/53.9/46.8 41.7/52.6/48.9 
Oat hay (early seed), = - | 3f | D 152.7/62:0\50.5)39 413478 47.9144.1 
Average,- - - - | — | — |59.3/61.3/51.6) 49.5) 94.6160.1/46.3 
Green Fodders and Grasses. | | | 
Scarlet clover fodder, - - 5 | A |76.7167.3 74.5/54.1/55.0/68.5/63.7 
Scarlet clover fodder, = - | 5°) (B 177.562.0174. oreo 55.9/69.8164.3 
Scarlet clover fodder, - “61D. 1775210053174. 1 6ece eae 69.1/64.3 
Average, - - - Saal ewe eee 77.1 66.5 74.5 56.1 56.1 69.1 64.1 
Barley fodder, De aes Soe 6 A 69.3 61.2/69.3149.0.49.7 62.2/57.8 
Barley fodder, - - - 6 | B |71.4/63.1/76.3 63.662.2/70.7/66.4 
Barley fodder, - : = 1 209 B73 51/56. s0ges 66.4 53.268.7 62.8 
Barley fodder, - = - 26m aE '73-1|58 .9/69.9/64.0/52.5|\68.4/62.7 
Average, - - - - | — | — |71,7/ 59.9) 71.2)60.7) 64.41.67, 51 60-4 
Barley and pea fodder, - - | 7} C |8r.1/64.8/67.0149.3/58.4/65.1/60.2 
Barley and pea fodder, - — - 7 | D |73.2154.5/55.8/37.6133.9155.2149.4 
AVEIAGe re eon os - | — | — | 77,2) 59,7| 61.4/ 48.5) 46,2) 60,9/ 54.8 
Oat and pea fodder, - - | 14) A [81.7/74.3/65.7/61.2/38.5/68.7 63.9 
Oat and pea fodder, : - | 14 | B |81:3)72.8/67.1/53.7/23. 9/67. 1162.4 
Oat and pea fodder, : - 35 | D |73.2/70.3/66.9/49:1 41.9 62.9/59.9 
Oat and pea fodder, = =< 1°30 JeNO82°9174.3160n6 67.4/63.3/70.2/66.1 
Oat and pea fodder, . be = 1-301" Bi 176) 5/65 21166 2oore 54.4/61.7157.3 
Average, - : “ - | — | — | 79,1) 71.4) 64.5) 58,3) 44.4) 66.1) 61.9 
Oat fodder, - . : = 15 9 Cr lys 768 alogee 62.6/43.8/65.4/61.9 
Oat fodder, - - - - | 15 | E |74.9)71.3/62.7/57.8/45.7/63.5/60.3 
Oat fodder, - - - 9°34.) A167 581677 stor er aang 49.1/56.5/53.2 
Oat fodder, - - - ice? DAS (71.8 68.1/60.0/55.6165.0 60-2 5O:9 
Oat fodder, - = - see eye DARE L IgG oer. 66.9/53.6/67.9/63.3/59.6 - 
Average,- - - - | — | — |79'6 69.8/69.8)54.6 54.3 61.8/96.3 
Barnyard millet fodder, - - | 38) F (57.3 59.8/64.4/58.8/58.1/61.8/57.8 
Barnyard millet fodder, - - | 41 | C |45.0/71.6/68.4/62.5/51. 7/65 2162.0 
Barnyard millet fodder, - - | 41 | D \49.3/71.8/68.3/63.2153.7 65.6/62.8 
Average,- - - - | —| — /47°3/71-7/68,4/69.8)59.7| 65.41 60.4 
Hunegarran fodders= i. = (FM) 160 aN 66.7 85.1/68.4 72.7/53.6/70.6/68.6 
Hungarian fodder, - - - | 16 | B |71.8)81.9/71.7/76.1/62.9173.8 71:3 
Hungarian fodder, - - - | 19 | C |61.0/62.5/69.2/70.3/59.6/68. 5 64.6 
Hungarian fodder, - - | 195) 8D) JO TLOIEG <3 66.3/72.2/57.8/67.6/63.6 
Average,-  — - - - | — | — | 65,3) 72.3) 68.9} 72.8] 68.5) 70.1! 67.0 
Soy bean fodder, - - - | 17 | C /[80.5/58.2/70.9/44.7] 1:8/64.5/61.2 
Soy bean fodder, - ~ - 17) - EB 17'7.0)50.0)73.6 55.5/13.8/67. 5163.4 
Soy bean fodder, - : 4 20 | B |70.8\59.3/71.7/38.5 27. O\G23) cian 
Soy bean fodder, - - = 207) F697 4o. aiaaas 43.3|13.0/63.5/58.1 
Soy bean fodder, - Z - | 39 | C |77.8154.3/73.0 45.5/27.9/63.2/57.0 
Soy bean fodder, - - ewe oO WD Orsinces 68.7\49.121.661.9 55.4 
Soy bean fodder, - - - 407) Be l74i 4ior. & 77-4/49.2/29.0/67.5/62.8 
Soy bean fodder, - ~ >|. 40-) Fo 175.9153. 8175..4\50-4 16.4/66.7/60.8 
Average,- - == - | — | — |76,1/54.0/ 73.2] 47.0! 18.91 64.5 59.4 
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TABLE 72.—( Concluded. ) 























i x6 ~ } eae | © 43 | one 
deerme ees lal 2539 
FEEDING STUFFS. 4 ae 3x ae 8s | r= E 5 | ea 
la |? leg) [ze One a 
Green Fodders and Grasses. | % | % | % | 7 aa Sea § | % 
Clover rowen, - - Sa TS Boars 4/00. cag 9/58. B142.7/59.7/55.0 
Clover rowen, - - - | 18 | F -(62.3/61.5/66.7\53.6/44.1161.9|5743 
Average, - - - (= = G19 60.8 66.5 52.5 40.4 60.8 B65 
R , mixed | 
a ag 44 B 64.956.3 71.9 61.8 44. 2 67.0 61.3 
) 4) | | 
Sea ue ay 44| F 69.9 54.071.3 63.3 48.1 67.8 62.3 
Average,- - - -  — | — 67.4 55.2 71.6 62.6 46.6 67.4 61.8 
Rowen, mostly timothy, - - | 25 | B /71.9|54.8/67-3/60.0143.9165.3/58.8 
Rowen, mostly timothy, - - | 25 | F |7t.5/50.9/68.2/67.6/46.5/67.5/61.7 
Dpyeragee- | =. - | — | — |71,7)| 52.0) 67.8) 63.8) 45,2) 66.4/ 60.3 


Sweet corn fodder, - 2 - | 21 | C |58.6/79.2/73.3|53.6146.4167. 516405 
Sweet corn fodder, - - - | 21 | D |52.51/77.3/74.9]54.9154.9/68.4/65.4 
Sweet corn fodder, - - =| -22°) BB 166.8/8201177 24 59.8/53.2/73.2 69.3 
Sweet corn fodder, - - - | 22 | F |66.1/81.3/79.1|61.6/47.4/74.5|70.5 
Sweet corn fodder, - - 24° |) C168. 7196 (8182 64172-2|/5 123) 785 8i poms 
Sweet corn fodder, - - - | 24 | D |57.9/76.2/75.9157.9/49.4|70.4|66.2 
Sweet corn fodder, - 2 - | 42 | B 60.3/70.6)73.6/58.3|/51.7/68.6/64.5 
Sweet corn fodder, - - - | 42| F |61.1/72.1|73.4/60.5/54.3/69.1/65.1 
Sweet corn fodder, - - 2 egg © 2 sa 6/73-5)67.1|55.5|70.0)67. I 
Sweet corn fodder, - ! Baie ane EL) 0 73.8 '58.661.0/68.2.64.6 

Average, - - >a 61. 3 15. 9 75.7 60. 5 52.5 70. 9 67.2 
Cow pea fodder, - - = | BOM CN oe 7 62. 5 84. 2/57. 8 28.2 Fie 971. 2 
Cow pea fodder,” - . - | 23 | D |75.3)56.3/84.2/57.1\19.5) '76.0/70.9 
Cow pea fodder, - - = | 43 |. C177. 3160-0/76.4)62.4)10.9/ 72. 5)6007 
Cow pea fodder,. - 2 - 43 | D |77.0/58.6|77.5|/61.0|/23.2/72.1/66.3 





Weeragese (6 = = 79.6 $9. + 80.6 59. 6 22.7 74.0 68.6 











Canada pea fodder, : a Oly | G 81.7 50. O71. 3/62 .4/37- 8/71, 064.3 
Canada pea fodder, - 5 27 | D |83.0/54. 8 70. 862.4,46.9/71.7/65.0 
Average, - - - - | — | — | 82,0) 52. “4 71.0 62.4 42. 3) (ae 3 64.7 





DETAILED DESCRIPTION OF DIGESTION EXPERIMENTS WITH 
SHEEP, 1895-96. 


The animals used in the following experiments were all 
wethers, dropped in the spring of 1893. Sheep Ay CC, Diandsis 
were grade Shropshires, and sheep B was a grade Merino. 
They were the same sheep that were used in the experiments of 
1894-95. Experiments No. 28 and No. 29 were made on sam- 
ples of clover rowen that came from a lot that was all cut at one 
time, the conditions being the same in all respects, except that 
the crop on half the area was hauled to the barn at once after 
ruling: and dried carefully by spreading thinly on a scaitold, 


ah2 STORRS AGRICULTURAL EXPERIMENT STATION. 


while the other portion was field cured in the usual way. ‘The 
field-cured portion was dried by being spread thinly for three 
or four hours the day of cutting. It was then put into small 
heaps and left uncovered for two days, when it was spread and 
dried again for five or six hours, then put into heaps and covered, 
and left for six days, when it was aired and hauled. ‘The hay 
seemed well cured. A slight sprinkle of rain fell while the 
hay was in heaps and covered. 


DIGESTION EXPERIMENT NO. 28. 


Clover rowen, field cured. A little past full bloom. The experiment began 
December 5, 1895, and continued twelve days. ‘The feces were collected for 
the five days from December 12, at 6:45 A. M., to December 17, at 6:45 A. M. 
Each animal, sheep A and B, was fed daily 800 grams of the rowen. The 
experiment was normal throughout, the sheep eating vigorously. 


DIGESTION EXPERIMENT NO. 29. 


Clover rowen, barn cured. A little past full bloom. The experiment began 
December 5, 1895, and continued twelve days. The feces were collected for 
the five days from December 12, at 6:45 A. M., to December 17, at 6:45 A. M. 
Each animal, sheep C and D, was fed daily 800 grams of the rowen. The 
experiment was normal throughout, the sheep eating vigorously. 


DIGESTION EXPERIMENT NO, 30. 


fine rowen of mixed grasses, The experiment began January g, 1896, and 
continued twelve days. The feces were collected for the five days from January 
16, at 6:45 A. M., to January 21, at 6:45 A.M. Each animal, sheep A, B, C 
and D, was fed daily 800 grams of the rowen, and all four went through the - 
experiment nicely, eating full rations. 


DIGESTION EXPERIMENT NO, 31. 


Oat hay. This was a fair grade hay, nearly free from weeds and sharlock. 
The seeds were about two-thirds grown and did not shell. The experiment 
began January 31, 1896, and continued twelve days. The feces were collected 
for the five days from February 7, at 7 A. M., to February 12, at 7 A.M. Each 
animal, sheep A, B, C and D, was fed daily 800 grams of the hay. Sheep A, 
B and C left some uneaten butts, which were sampled, beginning with Feb- 
ruary 4. Sheep D also began later to leave uneaten butts, which were sampled 
from February 8. 


DIGESTION EXPERIMENT NO. 52. 


Coarse bran with fine rowen. The rowen was the same as was used in 
experiment No, 30. The experiment began February 19, 1896, and continued 
twelve days. The feces were collected for the five days from February 26, at 
6:30 A. M., to March 2, at 6:30 A.M. Each animal, sheep A, B, C and D, was 
fed daily 400 grams of bran and 4oo grams of rowen. The sheep had been fed 
for some days previous to commencing the experiment on bran and rowen in 
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se 


different proportions to find the amounts best eaten. The experiment was 
normal throughout. Sheep A and B had no salt in their mangers the last eight 
days of the test. Sheep C and D had salt every day. 


No. 2 wheat middlings with fine rowen. The rowen was the same in this 
experiment as in No. 30 and No, 32. The experiment began March 258, 1896, 

and continued twelve days. The feces were collected for the five days from 

March 20, at 6:30 A. M., to March 25, at 6:30 A.M. Each animal, sheep A, 

ra B, C and D, was fed daily 4oo grams of middlings and 400 grams of rowen. 


aa 
= DIGESTION EXPERIMENT NO, 33. 
: 
; 
' 
| 
. Everything was normal throughout the period. 


DIGESTION EXPERIMENT NO. 34. 





Oat fodder, fed green. This and the following experiments with green fod- 
ders were made particularly to test the digestibility of fodders used in feeding 
iE tests with milch cows. ‘The general plan was to feed three days ,without 
i sampling, then four days taking sample 1, then four days taking sample 2, 
then one day without sampling. This had at times to be modified to meet 
various conditions, particularly the weather, This experiment began Julya 
1896, and continued twelve days. The feces were collected for the five days 
a from July 14, at 8:30 A. M., to July 1g, at 8:30 A.M. Each animal, sheep A 
and B, was fed daily 2,740 grams of the fodder. The first sample was taken 
July 10. The oats were full size, seeds about half grown, stems large and 
slightly woody. The second sample was taken July 15. The oats were full 
grown and beginning to seed, some of the stems turning yellow and quite 
woody. Neither sheep ate full rations, and B left so much uneaten that he was 
dropped from the experiment. The experiment was repeated later with sheep 
C and D as No. 37. In this latter test less fodder was fed per day. 


DIGESTION EXPERIMENT NO. 35. 


Oat and pea fodder, fed green. The experiment began July 7, 1896, and 
continued twelve days. The feces were collected for the five days from July 
14, at 8:30 A. M., to July Ig, at 8:30 A. M. Each animal, sheep C and D, was 
fed daily 2,740 grams of the fodder. ‘Two samples were taken, but one was 
lost. In the second sample, taken July 15, the oat stems were turning yellow 
and quite woody. The seed was about half grown. The peas were quite 
badly lodged and many stems blackened. There were few blossoms and many 
pods, some with seeds full grown. Neither sheep ate the full ration, and on 
account of the large amount of uneaten residue C was dropped from the experi- 
ment. This test was repeated later with sheep A and B as experiment No, 36, 

_in which less fodder was fed per day. 


DIGESTION EXPERIMENT NO. 36. 


Oat and pea fodder, fed green. The experiment began July 20, 1896, and 
continued twelve days. The feces were collected for the five days from July 27, 
at 7 A. M., to August I, at 7 A.M. Each animal, sheep A and B, was fed daily 
2,340 grams of the fodder. At the time the first sample was taken, July 23, 
the oats were in the early milk stage. The peas were fairly succulent. Stems 
lodged and lower parts turned brown. Many pods and seeds developed. The 
second sample was lost. Both sheep ate full rations. 


18 
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DIGESTION EXPERIMENT NO. 37. 


Oat fodder, fed green. The experiment began July 20, 1896, and continued 
twelve days. The feces were collected for the five days from July 27, at 7 A. M., 
to August I, at 7 A.M. Each animal, sheep C and D, was fed daily 2,340 
grams of the fodder. At the time the first sample was taken, July 23, the oats 
were quite succulent, in early seed stage (watery). The second sample was 
taken July 27. The oats were in the early milk stage, quite green and succu- 
lent. Both sheep went through the test nicely, eating full rations. 


DIGESTION EXPERIMENT NO, 38. 


Millet fodder, fed green. The experiment began August 5, 1896, and con- 
tinued twelve days. The feces were collected for the five days from August 12, 
at 6:30 A. M., to August 17, at 6:30 A. M. Each animal, sheep B and F, was 
fed daily 2,340 grams of the fodder. ‘The first sample was taken August 8, the 
millet being in bloom, most of the heads grown, and quite succulent. The 
second sample, taken August 12, was from bloom to early seed stage, with 
stems slightly woody. Sheep F ate all his fodder, but B left some uneaten 
residue, which was sampled for the eight days from August g to 17. 


DIGESTION EXPERIMENT NO. 39. 


Soy bean fodder, fed green. The experiment began August 5, 1896, and 
continued twelve days. The feces were collected for the five days from August 
£2, at 6:30 A. M., to August 17, at 6:30 A.M. The first sample was taken 
August 8, when the beans were in early bloom and growing rapidly. At the 
time the second sample was taken, August 12, the beans were generally in 
bloom, but not full grown. Each animal, sheep C and D, was fed daily 2,340 
grams of the fodder, and both ate full rations throughout the experiment. 


DIGESTION EXPERIMENT NO. 40. 


Soy bean fodder, fed green. The experiment began August 17, 1896, and 
continued fourteen days. The feces were collected for the seven days from 
August 24, at 6:30 A. M., to August 31, at 6:30 A.M. The fodder was from a 
second sowing. At the time of taking of the first sample, August 20, it was 
about two-thirds grown, in full bloom, with a few pods forming. The second 
sample, taken August 24, was mostly in bloom, and beginning to seed and quite 
succulent. The third sample was taken August 28. The beans were from 
bloom to early seed stage. Each animal, sheep B and F, was fed daily 2,340 
grams of the fodder. During the first few days of the experiment sheep B left 
some of the leaves uneaten, but afterward-ate full ration. For this reason the 
experiment was continued two days longer than usual, and the feces were col- 
lected for seven days. In the tables the experiment is calculated for five days 
to correspond with the others. 


DIGESTION EXPERIMENT NO, ate 


Millet fodder, fed green. The experiment began August Ig, 1896, and con- 
tinued fourteen days. The feces were collected for the seven days from August 
24, at 6:30 A. M., to August 31, at 6:30 A.M. The sample taken August 20 
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was in bloom to early seed stage, with rather woody stems. ‘The second sample, 
taken August 24, was lost. A third sample was taken August 28. The millet 
was mostly in the early seed stage. Each animal, sheep C and D, was fed 
daily 2,340 grams of the fodder. Sheep C left some uneaten butts during the 
first part of the experiment, after which full rations were eaten. As in experi- 
ment No. 40, it was thought best to continue the experiment two days longer 
than usual, and the feces were collected for seven days. For the sake of com- 
parison the results are calculated for five days. 


DIGESTION EXPERIMENT NO, 42. 


Sweet corn fodder, fed green. The experiment began August 31, 1896, and 
continued twelve days. The feces were collected for the five days from Sep- 
tember 7, at 6:30 A. M., to September 12, at 6:30 A.M. The first sample was 
taken September 3. The corn was of the “ Branching Sweet” variety. Many 
of the ears were in the roasting stage, some greener. The stalks were of good 
size and the proportion of ears large. The second sample was taken September 
7. The ears were in the roasting stage and stalks quite succulent. Each animal, 
sheep B and F, was fed daily 2,740 grams of the fodder. For the first day or 
two only 2,340 grams were fed, but as the sheep seemed hungry the ration was 
increased. Both sheep went through the experiment nicely. 


DIGESTION EXPERIMENT NO. 43. 


Cow pea fodder, fed green. The experiment began August 31, 1896, and 
continued twelve days. The feces were collected for the five days from Sep- 
tember 7, at 6:30 A. M., to September 12, at 6:30 A.M. Two samples were 
taken, one September 3, the other September 7. In the first the vines were 
about three-fourths grown, beginning to twine, and quite succulent. In the 
second the vines had attained a medium heavy growth, though not quite full 
grown, and were twining somewhat. Each animal, sheep C and D, was fed 
daily 2,340 grams of the fodder. The experiment seemed to be normal 
throughout. 


DIGESTION EXPERIMENT NO. 44. 


Rowen, mixed grasses and clover, fed green. The experiment began Sep- 
tember 14, 1896, and continued twelve days. The feces were collected for the 
five days from September 21, at 6:30 A. M., to September 26, at 6:30 A. M. 
Two samples were taken, one September 17, the other September 21. In both 
the proportion of clover was about one-fifth; the grasses were fine. Each 
animal, sheep B and F, was fed 2,340 grams daily of the rowen. 


“ 


DIGESTION EXPERIMENT NO. 45. 


Sweet corn fodder, fed green. The experiment began September 14, 1896, 
and continued twelve days. ‘The feces were collected for the five days from 
September 21, at 6:30 A. M., to September 26, at 6:30 A.M. ‘Two samples were 
taken, the first September 17, the second September 21. The corn was of the 
‘‘Branching Sweet” variety, as in experiment No. 42. In both samples the 
stalks were green and succulent, and the ears in the early roasting stage. Each 
animal, sheep C and D, was fed daily 2,740 grams of the fodder. The details of 
this experiment are omitted for lack of space, but the results are summarized in 


table 72, page 251. 


256 


STORRS AGRICULTURAI, EXPERIMENT STATION. 


DIGESTION EXPERIMENT No. 28. 
Composition of feeding stuffs and feces. 














ed Water 
feeding Stuff q 
| Field-cured clover | , 
16022) rowen, “- - | 15.1 
Feces. 
1609 Sheep A, - = 1.8.0 
1610! Sheep B,_~ - - | 8.5 








NX 6.25 





Protein. 


% 


15.7 





15.6 
14.5 





























esrinees tere 3 Organic| Fuel 
Pat. free Ext bashaie, 2 Mona Valeo 
% % % % % Cal. 
3.6| 37.4 |21.0| 7.2] 77.7 | 3.842 
3. 04°34.0 27.6 10.4 81.6 | 4.316 
3.8) 35.5 | 27.4 110.3) Oi 729 eee 








+ Per gram as determined in calorimeter. 


Weights of food eaten, and of feces for five days, and weights and 
percentages of nutrients digested. 











Eaten in Five Days. 
Sheep A, - = ; 
Sheep B, © - - - 

freces for Five Days. 
Sheep A, - a yt 
Sheep B,_ - - : 

Amounts Digested. 
Sheep A, - - - 


Sheep B, - 2 = 


Percentage Digested. 
Sheep A, - - : 
Sheep B, - - - 

Average, - a 


* Total 
Weight. 





Grams. 


4000 
4000 


1595 
Tsp: 











Protein. 
N.X 6.25. 


Grams. 


628 
628 


249 
219 


379 
409 
% 
60.3 


65.1 
62.7 
































Nias O i 

ee free Ext. Mibers} Ashe des 
Grams. ree Grams. | Grams. | Grams. 
144 1496 840 288 | 3108 
144 1496 840 288 | 3108 
60 552 | 440 166 | 1301 
57 537, | 414 | 156 | 1227 

84 944 400 1220160 yee 
87 959 426 132) 388i 

to to % fo % 

58.3 63.1 |.47.04 42.4 eee 
60.4 64.1 | 50.7 | 45.8:7 bose 
09.4 | 63.6 49.1) 44.1 | 59.3 











fuel value of food for five days as determined by the bomb 















































calorimeter. 
Fuel Val. | Fuel Val. | Fuel Val. | Fuel Val. | Total Percent. 
of Food of of Food of Available | Available 
Eaten, Feces. | Digested. | Urea, Etc.| Fuel Val. | Fuel Val. 
Calories. | Calories. | Calories. | Calories. | Calories, % 
Sheep A, ~ - 15364 6884 8480 330 8150 53.0 
Sheep B; - - 15364 | 6628 8736 356 8380 54.5 
Average, °~) 7 = — — oe = 53.8 




















= = — sie > 


—ee = 2 


a 








Lab. 
No. 





1623 


I61II 
1612 
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DIGESTION EXPERIMENT No. 20. 
Composition of feeding stuffs and feces. 
| P . ? | . Z . 
Water /1v.\'6.05.| Fat. free Ext| Fiber.) Ash.| QiSttec| Value.t 
eee | Be le ee leech gem scan 
Barn-cured clover | 
rowen, See EA nO Way Lo 3-8.) 37.2 19.7 |.7-3 78 Ions Os 
Feces. | 
Sheep Ge So lanocO,) 8I4.0°1.9'.0\ 40s reece 9.4 82.0 | 4.386 
Sheep D, (8 es 0) We Us He ee ao a rN Sn oe 10,1 81.8 | 4/328 























i weit 





+ Per gram as determined in calorimeter. 


Weights of food eaten, and of feces for five days, and weights and 
percentages of nutrients digested. | 











Werht. ae Fat. ages Fiber. | Ash, ies 
Eaten in Five Days. | Grams. | Grams. | Grams | Grams. Grams. Grams. | Grams. 
Sheep C, - - - | 4000 696 152 | 1488 983) 202; \ealeqe 
Sheep D, - - - | 4000 696 152 | 1488 799.1) 2O2nmea rod 
feces for Five Days. 
Sheep C, - = = | 1537 215 60 563 422 145 | 1260 
Sheep D, - = - | 1605 246 61 570 430-1 162 eel aa 
Amounts Digested. | 
Sheep C, - - = — AST 92 925 366 | 147 | 1864 
Sheep D, - - - — ASO weer Ol g18 352 <7. 130°( sper 
Percentage Digested. 4, d, d, q, % ¢, 
Sheep C, - = : — 69.1.) 60.5 |. 625271 4074" 50.3 iaso ay 
Sheep D, - = - — 64:7 65920 Wa Oli Wl 44e7sieAda se leooeo 
Average, - 2 — 66.9 | 60.2 | 61.9 | 45.6 | 47.4) 58.9 





























Fuel value of food for five days as determined by the bomb 





























calorimeter. 
Fuel Val. | Fuel Val. | Fuel Val. | Fuel Val. Total Percent. 
of Food of of Food of Available | Available 
Eaten. Feces. | Digested. | Urea, Etc.| Fuel Val. | Fuel Val. 
Calories. | Calories. | Calories. | Calories. | Calories. % 
Sheep C, « = Teor? 6741 8871 418 8453 cM ya 
Sheep D, = DEWEY EOL 6946 8666 392 8274 53.0 
Average, - - — a cari on ak 53.6 
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DIGESTION EXPERIMENT No. 30. 
wel See of feeding stuffs and feces. 














a Hwater| eres | 
feeding Stuff. % % 
1624; Rowen, - ~ AIODS. TA. A 
Feces. | | 
£626) Sheep A, ~~ +) 0.0.1) E354 
1627| Sheep B,  - = Odi Tate 
1628| Sheep C,_ - SP lx tered oom A 
1629} sheep D,_ - e MCAV ON Teh 3 © 





























| 

Nit.- O ic Fuel 
Fat. cue Fiber. Ash. Matter. inlay 

Z| @ | @)%| @ | Cal 
4.4 | 42.9. | 21.1} 6:7) S258e A ae 
COLT iedled 20,8 If.1 82.3 | 4.561 
6.51 'Ar.6 20.6 12.3) 82.1 pr ad 
6285 04273 20.3 12.2) 82.5 | 4.537 
16.8] 41.6 | 21.8 |12,0) 83.2") eames 





+ Per gram as determined in calorimeter. 


Weights of food eaten, and of feces for five days, and weights and 
percentages of nutrients digested. 








Laten in Five Days. 
Sheep A, - - - 
Sheep B, - - . 
Sheep C, . - - - 
sneep 1), = 9 wie : 

feces for Five Days. 
Sheep A, _ - - ~ 
Sheep B, - 
Sheep C, - Sie a 
Sheep D, - - - 

Amounts Digested. 


Seep cs ye ~ - 
Sheep B, - - - 


SRY Goat ae 


Sheep D, - - - 
Percentage Digested. 


Sheep A, - - - 
Sheep B, - - - 


Sheep C, - - - 


Sheep D, - - - 
Average, - = 





Total 


Weight. 





| Grams, 


4000 
4000 
4000 
4000 


1385 
1366 
1280 
1370 



































IN’xe-2s,| Fat. | tree Ext,| Fiber. | Ash, |Qpzanic 
Grams, Grays Grams. | Grams. | Grams. | Grams. 
576 L707 TG 844 268 | 3312 
576 170 Meet 700 844 268 “33979 
576 £70 eT 716 844 208.) 93% 
576 L7G taT 716 844 268. «3312 
186 93 573 288 154 | I140 
183 89 568 281 168 | I121 
168 87 541 260 156 | 1056 
178 93 570 | 299 | 164 | 1140 
390 83 |--1143 556 IIq | 2172 
393 87 | 1148 563 I0O | 2191 
408 SO ewir 7s 584 112 {2256 
398 63 1146 545 104 | 2172 
to ho fo ho % ho 
67.7 | 47.2 | 66.6°| 65°09 | 42,55) Sones 
68.2 |49.4 | 66.9-| 6677 |-39-3 "Goa 
70:8 "| 50.6 168.5 > )"69227) "49 Camas 
69.1. | 47.2 | 66.8. | 64,6.) 38787 sGeen 
69.0 48.6 | 67.2 66.6 40.1 | 66.4 








fuel value of food for 5 days as determined by the bomb calorimeter. 








Sheep A, - - 
Sheep B, - - 
Sheep C, - - 
Sheep D, - 

Average, - - 











Fuel Val. | Fuel Val. | Fuel Val.| Fuel Val.) Total Percent. 
of Food of of Food of | Available | Available 
Eaten. Feces. | Digested. | Urea, Etc.) Fuel Val. | Fuel Val. 

Calories. | Calories. | Calories, | Calories. | Calories. % 
10372 | 6316 | 10056 | 339 9717 0) e8Oae 
16372 6114 10258 342 gg16 60.6 
16372 5806 10566 355 IO2II 62.4 
16372 6201 IOI7I 347 9824 60.0 

= — _ — —" | 60.6 























oe ae 





_— 


ee ee Le ee ee. a nr 


DIGESTION EXPERIMENTS WITH SHEEP. 


DIGESTION EXPERIMENT No. 31. 
Composition of feeding stuffs and feces. 


259 



































Lab. | Ji 

No. Water 6-25,| Fat. |free fixt| Fiber.| Ash. Q/2an°| vane, 
feeding Stuff. % q % % % % % Cal. 

Tees, Oat hay, - TeV es3 8 'O:8" PA. TV 42.5 eens een oon one 

Feces. 

1630 Sheep Anes =) 5.1) TOCA > 13.0) savt eG. Gino 2a eee 

TOSt Sheep’ RB, = - = Sede) 9 O37, 1363 (P4S 735 2) Oumar soe tamara 

tezor Sheep C, -- eA s7 |) 9.0 6 1325 Ad 3015 ie Fe eieoe Sle eee ee 

mayeoneep D, - = 108 Te} O.6) 3.243.241 38 0 7 OR o ron waa 
Uneaten Residue. / 

1640) Sheep A and D, - |18.9| 2.3 -9 | 26.9 | 27.4 |23.6) 57.5 (92.710 

1638; Sheep B,_ - oi 700 4.47 | 2.7: 40.08) 3972.60) SOn 2" eae 

TozQ)eSheep CC, - SLlOs7 I) 2.00 1.21, 38.0 140. tn 0-0 tose meee 





+ Per gram as determined in calorimeter. 


Weights of food eaten, and of feces for five days, and weights and 
percentages of nutrients digested. 











Total | Protein. 
| Weight, |N.X 6.25. 
Eaten in Five Days, | Grams. | Grams. 
Sheep A,B,C,D,fedeach) 4000 392 
Uneaten residue, A, - 261 6 
Uneaten residue, B, - 97 4 
Uneaten residue, C, - 130 4 
Uneaten residue, D, - | 57 I 
Actually eaten, A, ae t3920 386 
Actually eaten, B, - | 3903 388 
Actually eaten, C, - | 3870 | 388 
Actually eaten, D, rt 6 3Q43 1 3QL 
Lreces fa Five woe 
Sheep A, - | 1765 184 
Sheep B,_ - - - | 1850 | 179 
Sheep Gs - = eae 709. We 2164 
Sheep D, - | 1930 185 
A pants peed 
Sheep A, - - - — 202 
Sheep B,_ - ee = = 209 
Sheep C, - - AN Ses 224 
Sheep D, rN ime 206 
Percentage Digested % 
Sheep A, oe wigss 52.3 
Sheep B,_ - - - HP aos 39 
Sheep C, - : ee ea AE OA od 
Sheep D, - - oR 52.7 
Average, - wy, as 53.3 




















Late dye ewes | Biber: | sAsumni gees 
'Grams.| Grams. | Grams. | Grams. | Grams. 
| 164 1700 | 1032 220 |) 3288 
2 70 92 62 150 
eres 40 37 6 84 
2 50 52 9 108 
I 15 16 13 33 
162 1630 g60 158 | 3138 
161 1660 995 214 | 3204 
162 1650 980 QUT fiesieo 
| 163 1685 | 1016 207 | 3255 
| 64 778 522 | 127 | 1548 
ent 809 577 124 | 1626 
60 761 521 123 | 1506 
62 834 616 135 | 1697 
98 852 | 438 31 | 1590 
_ 100 851 418 go | 1578 
| 102 S89 459 88 | 1674 
TOT 851 400 72 1558 
| % fo fo fo fo 
1.60: 5-052. 3° 4245.0 IelO. Gano ag 
G2 41h eB i eo 4220 NAS. Te 
63.0.1.53.0 |.46.8 | 4-7 52.6 
62502) 5025 00036.4. (934.071 
61:35) (61.6 54249.5 (204:6.) 56002 











eee ee ee eee 


Fuel value of food for 5 days as determined by the bomb calorimeter. 
ONSEN Epa et Sige laa tac latch ALE ASLO ILE 

















1 Val. | Fuel Val. Total |°P t. 
rete speek OE aed mit, Reser Available 
Eaten. Feces. | Digested. Urea, Etc.| Fuel Val. | Fuel Val. 
Calories. | Calories. | Calories. | Calories. | Calories. % 
| 6.6 
Sheep A 4 We ey ee 8063 7360 | 176 7184 46. 
re B, - - | 15730 8388 4342 Vie 182 7160 45.5 
Sheep C : es ley ie: 7786 7834 | 195 7639 48.9 
Sheep D, pia OT EO 7 8756 TEED EAA a ee iy °) 7042 eG 











ca et 



































260 STORRS AGRICULTURAL EXPERIMENT STATION. 
DIGESTION EXPERIMENT No. 32. 
Composition of feeding stuffs and feces. 
No. | Water IN 6-25,| Fat: ltree Ext] Fiber.| Ash.| Miter | Valne-t 
feeding Stuff. % % % q % % % Cal. 
1641} Rowen,*~ - - |.13.2] 13.5.-14.9] 40.2 | 20.71) 7, 51) 70n geese 
1643, Coarse bran, ~| 7.0] ¥5.3 |5.4)-55-1 | 41.1} 6.0) 867 Onno 
Feces, 
1634 Sheep A, - -| 5.7| IL.1 15.1] 43.1 | 22.0112. 1) ,825ceames 
Eossieoheep BAe ~ | 5.9| 14.8 16.2 )-41.8 | 21.01/12 Seo upo meee 
TO30)oneep. .Co a= - | 5.6] 12.1 | 5.2) 43.2 | 2035 13.4) Sigua gea 
fs 7ioneep D5) -/ 97:4) 12st 1.5.2 1|°40.2 82 61 rata aoe | 4.234 





























* Same as in No, 30 


+ Per gram as determined in calorimeter. 


Weights of food eaten, and of feces for five days, and weights and 
percentages of nutrients digested, 











Weight, IN'Xé3s.| Fat. |sreezt,| Fiber. | Ash, |Qreante 
Laten in Five Days. | Grams. | Grams. | Grams. Grams. | Grams. | Grams. | Grams. 
Sheep A, - - - | 4000 | 576 206 | 1906 636 | 272 | 3324 
oneep B, «- - - | 4000 576 206 1906 636 272 AS43248 
SHeep O,e- * - | 4000 576 206 | 1906 636 272) 43984 
Sheep D, - - - | 4000 576 206 | 1906 636 272 | 3324 
feces for Five Days. | 
Sueen A - - - | 1538 I7I 78 663 352 186 | 1264 
pheep B,. ”- - Sere TS 179 93 634 aa2 190 | 1238 
SUeeD ,) 3 Thee ee ee Ge 164 70 584 a7, I8I | 1095 
Sheep D, - - - | 1547 187 8I 622 337 206 | 1227 
Amounts Digested. 
Sheep A, - - - — 405 128) 0e124¢ 284 | 86 | 20600 
Sheep B, - - - — 397 LESt 272 304 82 | 2086 
saeep Cy - - - —- 412 130 Yoeta22 359 QI | 2229 
Sheep D, - - : — 389 125°| 1284 299 66 | 2097 
Percentage Digested. % q d q q yA 
Sheep A, - - - — 79.3 | 62.1 | 65.2 | 44.9-) S506 gee 
mueep. By: = - - — 68.9 | 54.9 | 66.7 | 47.8 | 30228 Goee 
Sheep C, - - - — 71:5 1.06.0 | 69.4. |-§6.4 | $325 uheG ee 
Sheep D, - - - — 67.5. | 60.7 | 67.4) 47.0") 2q¢3coome 
Average, - -| — 69.6 60.9) 67.2 | 49.0 29.9! 63.7 
































fuel value of food for 5 days as determined by the bomb calorimeter. 
Se ee 








Fuel Val. | Fuel Val. | Fuel Val. | Fuel Val. Total | Percent. 

of Food of of Food of Available | Available 

Eaten. Feces. Digested. | Urea, Etc.| Fuel Val. | Fuel Val. 

Calories. | Calories. | Calories. | Calories. | Calories. % 

Sheep A, - - | 16302 6653 9649 352 920725760 
sheep B, - - | 16302 6643 9659 347 9312 Soak 
Sheep C, - - | 16302 5769 10533 358 10175 62.4 
Sheep D, eho k= sh BLOZOe 6550 9752 339 9413 57.8 
Average,- — - — — — — — 58.6 


















































DIGESTION EXPERIMENTS WITH SHEEP. 261 
DIGESTION EXPERIMENT No. cue 
Composition of feeding stuffs and feces. 
Lab. | 
No. | Water Noe a Fat. bas Ext! | Fiber. Ash. Hh pe ley. 
Feeding Stuff. % % Eg ae is sn vile: Cal. 
1642 Rowen,*  - =| .8.8 | (13.1 14.8 [44-3 Fo20) Fol S402-taeray 
1644) No. 2 wheat mid- 
| dlings, - =1i 8:4) 18.7 15.8 62 eo") O64 5 Ooo Ole ete 
/ Feces. 
1645, Sheep A, - -(|TO.1| 12.3 14.4) 41/5 |-21.3 116-4) 7q05 | aera 
1646, Sheep B,_- Wag) DIS 6 Oat ea ar emir on -3| 79-4 45187 
1647, Sheep C, - =“) £E.24 013.3 (| 403 °3755°| 2077113. OF J5coe aos 
1648 Sheep D, - ~Miogi he F357 8 40 pPAG ag 1G: -2|11.9| 78.4 | 4.128 











* Same as in Nos. 30 and 32. 


{ Per gram as determined in calorimeter. 


Weights of food eaten, and of feces for five days, and weights and 


percentages of nutrients digested. 


























Total | Protein. eZee . Oe 
Weight. Sores Fat. free Ext. Fiber. | Ash. | MiStter. 
Laten in Five Days. | Grams. | Grams. | Grams.| Grams. | Grams. | Grams. Grams. 
Sheep A, - . - 4000 636 212 21036. a 1G32 240 | 3416 
Sheep b, - - - | 4000,| 636 212 eTOs ae Os2 240 | 3416 
Sheep C, - - - | 4000 636 212 | 1936 | 632 240 3416 
Sheep D, - - - | 4000 636 212 | 1936 | 632 240 | 3416 
feces for Five Days. | | 
Sheep A, - = - | 1352 166 60 561 | 288 140 | 1075 
Sheep B, - = ee 152 66 545 287 162 1050 
Sheep C, - - =4 1304 185 60 523 289 I8I | 1057 
Sheep D, - - - | 1366 187 63 559 | 262 162 | 1071 
Amounts Digested. | 
pneep A, - oS SS ie 470 152 | 1375 344 | 100 2341 
Sheep B, - - - _ 484 146 | 1391 345 78 | 2366 
sneer = - ery 451 152 | 1413 343 59 | 2359 
seep - - -}| — 449 149°| 1377 | 4370 78 | 2345 
Percentages Digested. y y L gZ 4 4 
saecmeAg - - -| — 73-9.| 7E.7. | JP-0 | 54.4 | 41.7°| Obes 
ae 76.1 | 68.9} 71.9 | 54.6 } 32-5 69.2 
ei | | ll 79.95) JEST 10 13200 4545-1) 2408 b 00 ne 
Sheep D, - . - _— 70.6, |7053 [7 Uek 5220 3s Sa One e 
Average, 29h tle Bier 12.9. - 10.7) teeth ian Oo, 4 32. 8 | 68.9 








~- 


Fuel value of food for 5 days as determined by the bomb calorimeter, 





Sheep A, 
Sheep B, 
Sheep C, - 
Sheep D, - 

Average, - 

















| Fuel Val. | Fuel Val. | Fuel Val.| Fuel Val.| Total |? Percent.” 
of Food | of of Food of Available | Available 
Eaten. Feces. | Digested. | Urea, Etc.) Fuel Val.) Fuel Val. 
Calories. | Calories. | Calories. Calories. | Calories. % 
16682 5615 11067 409 10658 63.9 
16682 5535 II147 4iI 10736 64.4 
16682 5662 11020 390 10630 63.7 
16682 | 5639 11043 388 10655 ae 
— | —— = — eoeee! F 





Sissi rnin nnn eee 


19 














262 STORRS AGRICULTURAL EXPERIMENT STATION. 
DIGESTION EXPERIMENT No. 34. 
Composition of feeding stuffs and feces. 
cd Water yy oteit: | at, |p Nite iber.| Ash] Qieaes] vote 
feeding Stuff. % % % % G | % % Cal. 
| Oat fodder:* 
1669] Samplez, - |67.1/ 3.5 |1.5| 15.7] 9.7/2.5] 30.4 | 1.493 
1670) Sample 2, - | 07.0) 3.0 /1-5/| 16.3 | 0.9) 273403077 iemeaes 
Average, -|67.0! 3.8 |1.5] 16.0 | 9.8/2.4] 30.6 | 1.484 
| Feces. | 
1678| Sheep A, - -]| 6.3| 6.9 |3.2| 40.2 |35.5/7.9| 85.8 | 4.4ee 
Uneaten Residue. | 
1789] Sheep A, - et Ob eON wescO -9| 30.0 | 46.61 7.01 :8755") eee 
I | 





‘hed green: 












































+ Per gram as determined in calorimeter. 


Weights of food eaten, and of feces for five days, and weights and 


percentages of nutrients digested. 








Total | 

















Protein. | Nit.- 
Weight. |N.x 6.25.| Fat. | free Ext. 
Eaten in Five Days. Grams, | Grams. Grams. Grams. 
peep. Ai sled, a ay ea T2700 | 452 | 206 2192 
Uneaten residue, A, - 45 | eal tess 16 
Actually eaten, A, - | 13655 450 | 206 | 2176 
feces for Five Days. | 
pHeEp A. = )2"- = eetOqa wal 4S 67 846 
Amounts Digested. 
Sheep A, - - -| — 305 130 4191330 
Percentage Digested. % % % 
Seep tA We gay fatness 67.8 | 67.5 | 61.1 




















Fiber. | Ash, | Qr&anic 
Grams. | Grams. | Grams. 
1343 329 | 4193 

21 3 39 
1322 320 | 4154. 
747 166 | 1805 
575 160 | 2349 
% % % 

43.5 | 49.1 | 56.5 





fuel value of food for 5 days as determined by the bomb calorimeter. 








Fuel Val. | Fuel Val. 








of Food of 

Eaten. Feces. 

Calories. | Calories. 
Sheep A, - +, ) 20147 9163 








| Fuel Val. 


Fuel Val. ‘Total 








of Food fo) 

Digested. | Urea, Etc.| Fuel Val. 

Calories. | Calories. | Calories. 
10984 265 10719 








Percent. 


Available | Available 
Fuel Val. 


% 
53.2 








DIGESTION EXPERIMENTS WITH SHEEP. 







































































263 
DIGESTION: EXPERIMENT No. 35. 
Composition of feeding stuffs and feces. 
Lab. | ee | Protein. | | Nit.- ; | lOveanis Fuel 
No. ater | Nx 6.25. Fat. ‘free Ext| Fiber.) Ash.) yfatter.| Value.+ 
Feeding Stuff. d, Gt ge eee GG eg eiencal 
1671} Oat & pea fodder,* |68.8) 4.0 |1.6| 15.1 | 8.3/2.2] 29.0] 1.436 
| Feces. | | | 
TO7O) Sheep D, - sites OO! PO 3 Se, Pale B Or 7 32.8 9.9 S375 | 45263 
* Fed green. + Per gram as determined in calorimeter. 
Weights of food eaten, and of feces for five days, and weights and 
percentages of nutrients digested. 
| : Aten | | : 
Peay eae | ane oa Veribers eA srg er 
: | | 
Eaten in Five Days. Grams. | Grams. | Grams.) Grams, | Grams. | Grams. | Grams. 
wneep D, - - - | 13700 548 219 | 2069 | 1137 | 301 | 3973 
Feces for Five Days. | , | 
Sheep D, - sues 767 1G 127 65 | 684 579 | 175 | 1475 
Amounts Digested. | | 
mneep Ly. = - Ee 401 107 ee © to) 558 126 | 2498 
Percentage Digested. | GG % % | % | % 
Sheep D, - - - _— 73/2 i 70.3) ie OO. Oana a Orel 40.9) 62.9 











Fuel Val. 
of Food 
Eaten. 





of 
Feces. 


Fuel Val. 


Fuel value of food for 5 days as determined by the bomb calorimeter. 


Fuel Val 


.| Fuel Val. 
of Food 





Sheep D, 





Digested 














Total Percent. 
of Available | Available 
.| Urea, Etc.| Fuel Val. | Fuel Val. 
Calories. | Calories. | Calories. | Calories. Calories. % 
Meal ee EOOT Siig 754 L ol pa e492 349 11783 | 59.9 
eee ee ee 





























264 STORRS AGRICULTURAL EXPERIMENT STATION. 
DIGESTION EXPERIMENT No. 36. 
Composition of feeding stuffs and feces. 
ne Water Nx é-25,| Fat: |free Ext] Fiber.| Ash.| Qieqee] yipel 
feeding Stuff. % % % % % | % % Cal, 
1672 Oat & pea fodder,* 71.4] 4.7 |1.3| 10.6 | 10.0|2,0] 26,6 4naeag 
1790) Uneaten residue, B,|} 6.4) I9.9 2.0} 38.3 | 27.4 | 6.0) 87.6 | 4.190 
Feces. | | | 
1680) Sheep A, - -| 8.0] 8.6 |3.5] 37.4 |34.7|7.8| 84.2 | 4.361 
1681; Sheep B,_ - - | 7-6) 9.1 |3.8) 38.5 |33-417.6) Bienes 




















* Fed green. 


+ Per gram as determined in the calorimeter. 


Weights of food eaten, and of feces for five days, and weights and 
percentages of nutrients digested. 











| Total 
| Weight. 
Eaten in Five Diys, | Grams. 
Sheep A, - - - | 11700 
Sheep B, - - - | II700 
Uneaten residue, B, - | 135 
Actually eaten, A, - | I1700 
Actually eaten, B, > | 11565 
Feces for Five Days. | 
Sheep A, - - - | I102 
Sheep B, - - - | 1351 
Amounts Digested. 
Sheep A, - - -| — 
Sheep B, - - - — 
Percentage Digested. | 
Sheep A, - - - — 
eheep By. = = = — 
Average, - - — 
































P in. Niti- eee 
Narcan Fat. fecaicel Fiber. 
Grams. | Grams.| Grams. Grams. 
550 152 | 1240 | 4170 
550 152 |“ 1240 | I170 
ad 3 B24 ae OT 
550 I52 | 1240.) 11496 
523 149 | 1188 | 1133 
95 39 | 412 | 382 
125 52 520 451 
455 113 828 788 
Zien 97 | 668 | 682 
fo % % % 
82 70/7403 4.06.8 6744 
7028 005-756. 2 60a 
79.6 | 69.7 | 61.5 | 63.8 











Ash. |Sigamie 
Grams. | Grams. 
234-4 34I2 
234°) 3T712 
8 II9 
234 | 3112 
226 | 2993 
86 | 928 
103 | 1146 
148 | 2184 
123 | 1847 
ho % 
63.3-| 70.2 
54.4) Olay 
58 9 66 0 





fuel value of food for 5 days as determined by the bomb calorimeter. 











Sheep A, 
Sheep B, 
Average, 








Fuel Val. | Fuel Val. 
of Food of 
Eaten. Feces. 

Calories. | Calories. 
15350 4806 
14784 | 5961 


Fuel Val. 


of Food 


Digested. 


Calories. 


10544 
8823 


aoe Val. 


Total | Percent. 
Available Available 
Ures, Etc.| Fuel Val. | Fuel Val, 
Calories. | Calories, | % 
396 10148 66.1 
348 8475 57.3 
— — Clk 





























DIGESTION EXPERIMENTS WITH SHEEP. 265 
DIGESTION EXPERIMENT No. 37. 
Composition of feeding stuffs and feces. 

Tab s : | : 

Ne Water | Ncb.25. Pat freee Fiber. Ash. Qi) vais 
| feeding Stuff. % % % % % % % Cal. 
| Oat fodder:* 

1673, Sample z, Sl f4aO |) 2.0." WITT L eeu oO leo OMe 2o0e were Lie 

1674. Sample 2, 4730.1, 2.8 WT 2 T2575 bo, 2a ook ot Om meee rel 

Average, -| 73.5.) 2.7 |1.2| 18.2) 8,3) 2.1) 94.4 | 1.185 
| Feces. 

1682] SheepC,- - -| 65] 6.8 | 3.4] 43.7 | 33.0 6.6 | 86.9 | 4.459 

1683 SHeep LD, = Seay sd TiS. Sie SoeOs ayer | 6,6} 86534 e4ae 


























* Fed green. + Per gram as determined in the calorimeter. 


Weights of food eaten, and of feces for five days, and weights and 
percentages of nutrients digested. 


























Welsht. Nc625,| Fate |frevtixe,| Fiber. | ash. |78tze 
Eaten in Five Days. Grams. | Grams. | Grams. | Grams. | Grams. | Grams. | Grams. 
muecp CG. - - =m ITt OO 1) 316 I4t | 1427 g7I 246 | 2855 
Sheep D, - - - | 11700 | 316 141 | 1427 O71 | 246 | '2ass 
Feces for Five Days. | 
oieen C,. = - - L307, S89 45 571 431 86 1136 
Sheep D, - - - 1216 | 86 39 473 451 80 1049 
Amounts Digested. | 
Sheep C, - 5 ; — 227 96 856 £40. | 160s L7IG 
Sheep D, - - = — 230 102 954 520 166 1806 
Percentages Digested, % % % % % % 
Sheep C, - - - — TITS lOSel We OOO see S500 O50 60.2 
eieepige-) = | 72.8 172.3) 1.000.0. 1753.01.07. 07s 02am 
Average, - -|; — 72.8 7070.2) Co-6" O40) CC. 4 amoung 














Fuel value of food for 5 days as determined by the bomb calorimeter. 























| ra 
ened ae es ereees beets AvaiLblO ANEIHIE 
Eaten. Feces. | Digested. | Urea, Etc.| Fuel Val. | Fuel Val. 
Calories. | Calories. | Calories. | Calories. | Calories. % 
Sheep C, - - | 13910 5828 8082 TO Fis 7885 50.7 
Sheep D, x - | 13910 5412 8498 200 82098 ye 
eta eH - a mr gre a ae , 






































266 STORRS AGRICULTURAL EXPERIMENT STATION. 
DIGESTION EXPERIMENT No. 38. 
Composition of feeding stuffs and feces. 
| ie ee 
No. Water Nw éas.| Fats free Ext Fiber. Ash.|Qr2ter | valuest 
Feeding Stuff. 4 G % % GG % Cal. 
Millet fodder: | 
1696 Sample 1, Oe ype a wos! (6) 0.92.2 | °9.85) 2.5 9 229 eee 
1675 Sample 2, dal iy Acs es ee 2 8 SO Nar 7.3 .|'2.2 1-297 3s 
Average, --|76.6/ 1.8 | .7| 12.2} 7.6] 2.1) 22.8 | 1.040 
feces. | | 
1685| Sheep F,_ - ii G2 eryae ee oa ae | 31.2 8.7 1:85 109] 245208 





























+ Per gram as determined in calorimeter. 


Weights of food eaten, and of feces for five days, and weights and 
percentages of nutrients digested. 








Laten in Five Days. 
Sheep F, 


feces. 


Sheep F, 


Amounts Digested. 
Sheep F, 


Percentages Digested. | 


Sheep F, 


Total 
| Weight. 





Grams. 


II700 


| 1173 





N.X 6.25. 





Protein. 


Grams. 


211 


go 


I2I 


% 
oy es! 

















Fats ol poe pd Eiben ae eters 
Grams.| Grams. | Grams. Grams. | Grama 
82 1427 889 | 246 | 2609 
33 | 508 | 366) 103] 997 
49 919 523 | 143 | 1612 
a ae eee a 
59.8 | 64.4 | 58.8 | 58.1 | 61.8 








fuel value of food for 5 days as determined by the bomb calorimeter. 











? | 





Sheep F, 


| Fuel Val. | Fuel Val. 


of Food | 
Eaten. | 


i 
Calories. | Calories. 


12168 | 


of 
Feces. 





5035 


| Fuel Val. 
| of Food 


| Calories. 


Digested. 


| 





7133 


Fuel Val. 
of 


Urea, Etc, 





Calories, 
105 


Total 
Available 
| Fuel Val. 


| Calories. 


7028 








Percent. 
Available 


Fuel Val. 


% 
57.8 
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DIGESTION EXPERIMENT No. 39. 
Composition of feeding stuffs and feces. 


















































Lab. | te | 7 
No. | ‘Water 'N5c6.25,| Fat. |free foxt| Fiber.| Ash.|QiStrer | Value-t 
| | | 
| feeding Stuf. = & q % q % % G% | Cal. 
_ Soy bean fodder:* | | | 
1697 Sample I, eS ect me tea a7 8.0.0 1G. 4-2 Sh 16225 ens OG 
1698| Sample 2, Jo aii tah ee ee £9. 8. Fo FO Sean 2ORbe Ola 
| Average, -|78.3| 38.2 8| 8.4 | 7.0) 2.8) 19.4) .905 
| feces, | | | 
| 
1686| Sheep C, - - | B01 9.6 4.024 4 VAT. IT) O77 seo OCE 
1687, Sheep D,_ - =a a0 ee [4 Sis 27a 30. 9 135 7 7Oc5 aie OCs 
* Fed green. ‘ Per gram as determined in calorimeter. 


t 


Weights of food eaten, and of feces for five days, and weights and 
percentages of nutrients digested. 








aan ——- =. 





























Werght. [N'xé.5., Fat. | free Haxt,| Fiber.) Ash. |(Matter. 
Eaten in Five Days. Grams, | Grams. ‘Grams. Grams. | Grams. | Grams. | Grams. 
eueep.G, = - - | 11700 | 374 | 94 983 8194) (200sR2270 
Sheep D, - - - | 11700 SFA Thee OA 983 S19 | “269.)s2276 
Feces for Five Days. | 
SrecmiG. = - Sy heeTOSs 83. 443 265 446 | 194°| 9837 
Sheep D, - - - 1129 Borges. 308 417 a 864 
Amounts Digested. | 
Bememeee=  -|| 061s | .2gt | 50) | 718 1) 373 | 75 nage 
Sheep D, - - TOR TT 286 43 675 402 58 | 1406 
Percentage Digested. % % qo % % % 
eo Go Sn urea San rear re tea or eva 
eee Ce | «| a7 B | 50.1 | 7019 |-47.9 | 24.8 | ene 











Fuel value of food for 5 oe as determined & the bomb calorimeter. 








| Fuel Val. lrned Val. | Fuel Val. | Fuel Val. Total | Percent. 








| of Food | of _ of Food of Available Available 
l= Waten. |. Feces. | pVigested: lets g Etc.| Fuel Val. | Fuel Val. 
| Calories. | Calories. Calories. | Calories. | Calories. % 


SheepD, -  - | 10588 | 4473 | 6115 aS eS ae 











Sheep C, 2 - | 10588 | 4304 6284 Bea i OOS Th tas ame 
| 


Average, - Pe hig peer 
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DIGESTION EXPERIMENT No. go. 
Composition of feeding stuffs and feces. 
Protein. | Nit.- | p; Organic| Fuel 

a Water In.x6.25-| Fo [tree Bat) "iber| Ashe Ret ae 

Feeding Stuff. % % % % % % % Cal. 

| Soy bean fodder:* 
1676 Sample 1, ~ | 76.0} 3.87952) 10.6") 6.olseaa eres 1.053 
1699 Sample 2, oa PE. Oy ck 9} 8.6 | 7.2) 2.3) 20731 egos 
1700 Sample 3, i 75S: ee yy -9| 11.8 | 6.5 | 2) 3) 021 ga eae 

| Average, re 76 4 3.4 130 | 10 a) 6.6 2.3 21 0 1 081 

feces. 

THOS) Deep Bs) - | 5.1) 9.6. 14.3) 25.8 137. 51 1Sr1) eos 4.008 
1689 Sheep F, - ~ | 5-0) 8.7 | 4.81'26.9. 1 94 oe eon g eeu 4.018 





























* Fed green. 


{ Per gram as determined in calorimeter. 


Weights of food eaten, and of feces for five days, and weights and 
percentages of nutrients digested, 








Total 
Weight. 





Eaten in Five Days. 


Sheep B, 
Sheep F, 


feces for Five Days. 


Sheep B, 
Sheep F, 
Amounts Digested. 
Sheep B, 
Sheep F, 
Percentage Digested. 
Sheep B, 
Sheep F, 
Average, 





Grams. 
11700 
11700 


1056 
IIIO 





Protein. 
N.X 6.25. 





Grams. 


398 
398 


102 
96 


296 
302 


% 





~InI SI 
Om 
Do £ 





























Nit.- : O i 
Fat. Aste fim Fiber. | Ash. Mee 
Grams. Cee Grams. | Grams. | Grams, 
Lig 1205 772 269 | 2492 
117 1205 yi: 269 | 2492 
45 72 392 IgI 811 
54 296 383 225 829 
72 933 380 78 | 1681 
63 909 389 44 | 1663 
he ho fe fo % 

61.5 77-4 | 49:2.) 20 00) Gore 
53.8 75.4 | 50.4) 16,45) °66r9 
o7.7 | 76.4 | 49.8 | 22.7 | 67.4 








fuel value of food for 5 days as determined by the bomb calorimeter. 





Sheep B, 
Sheep F, 
Average, 








Fuel Val. 
of Food 
Eaten. 





Calories. 


12063 
12063 





Fuel Val. 
of 
Feces. 





Calories, 


4232 
4460 


Fuel Val. 
of Food 
Digested. 








Calories. 


7831 
7603 


— 





Fuel Val. 
f 


Oo 
Urea, Etc. 








Calories. 


258 
263 











Total Percent. 
Available | Available 
Fuel Val. | Fuel Val. 
Calories. % 

7573 62.8 

7340 60.8 

— 61.8 
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DIGESTION EXPERIMENT No. 41. 


Composition of feeding stuffs and feces. 














Lab. 
No. 
feeding Stuff. 
Barnyard millet; 
1677 Sample 1, 
1701 Sample 2, 
Average, 
1791| Uneaten residue, 
Feces, 
Toou, mpoeep C, - 
I691| Sheep D,_ - 


P in. ite | i 
| Water Nek) Fat. rh Fiber.| Ash. Roe Weise 
MA he es a ke eer pe, 
66.5) 20 al tA ih Ep oo) tOeT Po aces tamer OG 
= is Cs e7.N 15.28? Qe 2 One 2On Guia reaas 
}68.8} 1.7 |1.0) 16.8) 9.6/2.1) 29.1 | 2.865 
| 4.8|.2.2 9 St22 133, Spots tees ope 
| Gigi kz. aed dae s0.0 8.5 | 84. 4.242 
| OAD Va ea ee As ee at ee 8.385 On qaeag 
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+ Per gram as determined in calorimeter. 


Weights of food eaten, and of feces for five days, and weights and 
percentages of nutrients digested. 








4 


Eaten in Five Days. 


Sheep C and D, - 

Uneaten residue, C, 

Actually eaten: 
Sheep C, 
Sheep D, 


feces for Five Days. 


Sueen, C, 
Sheep D, 


Amounts Digested. 


Sheep C, 
Sheep D, 


Percentage Digested. 


Sheep C, 
sheep. D; 
Average, 


Total 
Weight. 





Grams. 


| 11700 


a7 


+ 11643 
TF 7004) 


1380 





1370 | 


10263 | 
10330 | 
































wiceit: | was, | gies, | Fiber.| Ash. |Qeeai 
Grams, | Grams. Grams. | Grams. | Grams. | Grams. 
199 _| 117 | 1965 | 1123 | 246 | 3404 
I I 29 19 4 50 
198 1161). 1930" err04 2A2 ee sane 
199 ELT Uf PTQOS Saari 23 246 | 3404 
109 33 611 414 LD], fe 1107 
IOI 33 622 416 LIA Geli 
89 83 | 1325 690 IQS 42to7 
98 84 | 1343 707 | 132 | 2232 

% % fo fo fo ho 
45.0 1, GS. ety OSes Stay Meonmne 
AQ. 3% We 7 ad) 60853 MOS 20153 raOea 
47.2 | 71.7 | 68.4 | 62.8 | 52.7 | 65.4 


Fuel value of food for 5 days as determined by the bomb calorimeter. 


























| Fuel Val. | Fuel Val. | Fuel Val. | Fuel Val. 
of Food | of of Food of 

Eaten. Feces. | Digested. | Urea, Etc. 

Calories. | Calories. | Calories. | Calories. 
Sheep C, me a aw S028. PelSa54 9774 77 
Sheep D, EME stb os4e POSEY) 40037 85 
Average, - - — = ces — 


Fuel Val, 





Total 
Available 


Calories. 


9697 
9952 





Percent. 
Available 


Fuel Val. 


ho 
62.0 
62.8 
62.4 
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DIGESTION EXPERIMENT No. q2. 
Composition of feeding stuffs and feces. 
ee? Water N65, Fat. free Bint) Fiber.| Ash, Qreanic Fuel | 
feeding Stuff. % % % % % % % Cal. 
Sweet corn fodder:* 

i727 Sample 1, eI 2oO 5) 12-2 7 lee ee .QII 
1702 Sample 2, SMe ek Mon bea) 351 10.147) 3.0) aoe .750 

Average, -|81.1| 1.8 | .5| 11,8 | 4.2/1.1] 17.8) 3681 

feces. 

1692| Sheep B,_ - = 16,6) 10.9 2.2) 4525 |-26.7 )Seaq eee 4.361 
1693| Sheep F,_ - - | ©.9/ 10.9 | 2.1| 46.6 | 25.7 )ge8) Sa eauieees 
































* Fed green. 


+ Per gram as determined in calorimeter. 


Weights of food eaten, and of feces for five days, and weights and 
percentages of nutrients digested. 


























| Welghe. (Novos) Fat. | editz.| Fiber. | ash. (Qpzmile 
Eaten in Five Days, | Grams. | Grams, | Grams | Grams. | Grams. Grams. | Grams. 
pnecp By - - ae 13700 247 68 1548 575 I51 | 2438 
mheep b.’. - - | 13700 | 247 68 T5481 2 Be I5I | 2438 
feces for Five Days. 
Dpieepib. 7 - aba Ne 898 | 98 | 20 408 240 73.4766 
Sheep F, - - - 884 COs E16 412 227 69 | 754 
Amounts Digested. 

Beep ou ar - - — 149 48 II40 335 |. 78.1 1672 
Sleep TF, - - - — I51 49 1136 348 | 82 | 1684 
Percentage Digested. d d d, do, d q 
precn bi. = e -— 60 3°) 270.04 473 (Orman 51.7 | 68.6 
Bicep tye) = a - — OT 19) 0725 173 ae DO 5 ae 69.1 

NCCE SO ae, gad Cac) tae 60.7 | 71.4] 78.5 | 69.4 | 58.0} 68.9 











[heal was 1c asinine, See 


fuel value of food for 5 days as determined by the bomb calorimeter. 


























Fuel Val. | Fuel Val. | Fuel Val. | Fuel Val. Total Percent. 
of Food of of Food of Available | Available 
Eaten. Feces. | Digested. | Urea, Etc.| Fuel Val. | Fuel Val. 
Calories. | Calories. | Calories. | Calories, Calories, % 
Sheep B, - =i) “ET38k 3916 7469 130 7339 64.5 
Sheep F, - - | 11385 3841 7539 131 7408 65.1 
Average, - - os acs ice ae = 64.8 











DIGESTION EXPERIMENT No. 43. 


DIGESTION EXPERIMENTS WITH SHEEP. 
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Composition of feeding stuffs and feces. 





















































Lab. Se OE rateiny| Nitsa me ic 

No. pirater INN Ce ih ore peta Ash. Sitter Valuet 
Feeding Stuff. | % fo fo fo fo fo to Cal. 

Cow pea fodder:* | | | | 
1705; Sample 1, =| Vile nee 0) 6) 6:90 9.61, St raeae acess 
1703 Sample 2, -~|84.0) 2.8 [Oi sOsG aso Tt oGnalaee .663 

Average - §4 4, | 9 | 
ge, | 84. 9 64, 6.6 IG.) LiGlele.Oe)ee ape 

Feces. | Bei 

foo4, Sheep €, - sie, © Guinn LF | 4.2 | 27.8 | 24.9 |25.8| 68.6 | 3.600 
1695| Sheep D,_ - 4-8 [202-1 1.4.0) 27.0 | 2073 25.2) 70.0 3.653 


* Fed green. 








+ Per gram as determined in calorimeter. 


t 


Weights of food eaten, and of feces for five days, and weights and 
percentages of nutrients digested. 



































Pith yet | pans | ateee | tiber | Amueeh eee 

Eaten in Five Days. Grams. | Grams. fete, Grams. Grams. | Grams. | Grams. 
mneep.C, - - AG SG Goer Bere 70 ve 433 S11}, roid 
Sheep D, - - =| 12700 | 339 70 obey ae3 BIL. | 1614 

Feces for Five Days. | 
Sheep C, - - = 656 a Pisa) Mae oie? 163 169 450 
Bneep ); - - - 643.7) 70 29 174 169 162 450 

Amounts Digested. | 
Sheep C, - = -| — 262 | 42 590 270 42 | 1164 
sheep D;. - > - — 201 | 41 598 2604 49 | 1164 

: 

Percentage Digested. | % % % % % % 
Sheep C, - _ =] | °7723. |. 020 | 76.4 | 62.4 | 19.9 | ToT 
pieep. lL): . = - ecw be 7730. i 68.6 1077556) OL. O 1 Ba eo we 

Average, - -| — | 77.2 | 59.8 _ UT Glo t alcool ene 





Fuel value of food for 5 days as determined by the bomb calorimeter. 














Average, - 








Fuel Val. | Fuel Val. | Fuel Val. | Fuel Val.| Total | Percent. 
of Food of of Food of | Available | Available 
Eaten. Feces. | Digested. | Urea, Etc. Fuel Val. | Fuel Val. 
| | 
Calories. | Calories. | Calories. | Calories. | Calories, | % 
Sheep C; - - 7640 2362 5278 | 228 5050 66.1 
Sheep D, = - | 7640 2349 5291 , 227 5064 ane 
hy —_ —- sa | pa = ” 











bp: 


DIGESTION EXPERIMENT No. 44. 


STORRS AGRICULTURAL, EXPERIMENT STATION. 


Composition of feeding stuffs and feces. 
Se Ce ENMGNE 






































No. Water |W eves, Fat. frev'text| Fiber.) Ash,| Qreamic] Fuel 
feeding Stuff. % % q % % % % Cal. 
Rowen: 
1704; Sample 1, 757 3.5 | 1.4] 11.3 | 6.2) 1. olf22saa eee 
1728 Sample 2, del S79 Pe 4.0/1.0) 13.69) 8.7 S2cslegyee I.350 
Average, -|72,9/. 8.8/1.5) 12.5) 7.1/ 9.3) 24.9 1.228 
feces. 
1732) Sheep B, - Tab Od tte 2. Oi) One Ra am 26.3 »01 79:7 asd 
1733} Sheep F, - -| 8.1] 31.8 |6.9/-35.9 | 26.1 I.5| 80.4 | 4.401 





+ Per gram as determined in calorimeter, 


Weights of food eaten, and of feces for five days, and weights and 
percentages of nutrients digested, 











Total 
Weight. |N.« 6.25. | 
Laten in Five Days. | Grams. Grams. 
pneep B, ii - - | 11700 445 
Beep, 1s. - ti LL ZOO pias 
feces for Five Days. 
pee, bane - - 1206 156 
Sheep E - sat. - - L168 1 134 
Amounts Digested. | 
Dacep bie. - - — 289 
Sheen i — - - — 311 
Percentage Digested. Anse 
eneep BB. . = = & ee OAC 
Sheep F, - - -] — | 69.9 
Average, - . — 67.4 











Protein. 























Fat. ‘| josey | Riper eeee ee 
Grams.| Grams. | Grams. | Grams. | Grams. 
176 | -1462 830 258 2913 
176 1462 830 258 2913 
77 ALE) 2317 Area g61 
SI 419 305 134 939° 
99 TOSI 513 114 1952 
95 1043 525 124 1974 
% % % % % 
56.3%] 98797 }-61,8 anes 67.0 
54.204) (71.31 603 43 caer OF758 
65.2.) 71.6 | 62.6 | 46.2 | 67.4 





Va eee 


Fuel value of food for 5 days as determined by the bomb calorimeter. 














Wirnel Val, 


Fuel Val. 











Fuel Val. Fuel Val. Total Percents 
of Food of | of Food of Available | Available 
Eaten. Feces. | Digested. | Urea, Etc.) Fuel Val. Fuel Val, 
Calories. | Calories. | Calories. Calories. | Calories. % 
Sheep B, - - | 14368 5306 9062 251 S811. 61.3 
Sheep F, a - | 14368 5140 9228 271 8957 62.3 
PWAverages > 22 * — ~ — — ~ 61.8 














eee 
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ANALYSES OF FODDERS AND FEEDING SAMOP IESE 





REPORTED BY W. O. ATWATER AND F. G. BENEDICT. 





In connection with the work of the Station during the year, 
analyses of the following miscellaneous feeding stuffs have 
been made by the Station chemists. Most of the analyses 
were made in connection with feeding experiments or experi- 
ments upon the growth of plants. In no case were they 
undertaken merely to increase the amount of data of this’ class. 
The method of analysis were those recommended by the Asso- 
ciation of Official Agricultural Chemists. 

The results of the analyses as calculated to water content at 
harvest or at the time of analyses are given in table 73, page 
280, which follows the description of samples. In this table 
the materials are grouped somewhat according to their water 
content at time of taking samples, as follows: Green fodders; 
silage; cured hay and fodder; grain; and milling products. 
This order is also observed in the description of samples. 

The results calculated to water-free substance (dry matter ) 
as the basis are given in table 74, page 284. 

The fuel value of a pound of each of the feeding stuffs as 
given in the tables was obtained by multiplying the number of 
hundredths of a pound of protein and of carbohydrates by 
18.6, and the number of hundredths of a pound of fat by 42.2, 
and taking the sum of these three products as the number of 
calories of potential energy in the materials. 

The heats of combustion of the majority of the specimens 
were also made with the bomb calorimeter. The results of a 
large number of these determinations have been given in the 
tabular statements included in the accounts of feeding and 
digestion experiments with sheep. A compilation of the work 
of the Station in this field is now being made for publication. 

There are two sets of averages given in tables 73 and 74 
beyond: the first is the average of the samples analyzed during 
the past year; the second is the average of all analyses of 
similar foods made up to the present time in this laboratory. 
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DESCRIPTION OF SAMPLES. 


ANALYSES OF DISTINCT SPECIES OF GRASSES GROWN WITH 
DIFFERENT QUANTITIES OF FERTILIZERS. 


In the year 1892 the Station began a series of experiments 
on the effect of nitrogenous and of mineral fertilizers on pure 
species of grasses, which were grown upon small plots (one- 
eightieth acre each) in the grass garden. ‘The grasses were 
grown in drills and were kept as free as possible from admix- 
tures of weeds or of other grasses. The experiment was con- 
tinued for three years. In 1894 it was noticed that many of 
the plots, especially those having mineral fertilizers only, pro- 
duced a large proportion of clover, making it difficult to sample 
the grasses and have the samples pure. Sorrel and other small 
weeds were also filling up the drills, and it was thought best to 
remove the grasses and to cultivate and re-seed. This was 
done in August, 1894. In the spring of 1895 it was noticed 
that some of the plots were not well stocked. ‘The vacant 
places were filled out, either by transplanting or by sowing 
more seed, and the experiment was discontinued for that year, 
except that the same kinds and quantities of fertilizers were 
used, but no samples were taken for analysis. 

In the spring of 1896 the drills of grasses were found to be 
well stocked, and the experiment was renewed. /The samples 
of timothy, orchard grass, and meadow fescue described below. 
represent the fifth annual crop grown on plots which had the 
same kinds and amounts of fertilizers each year, while the 
brome grass and red-top represent the second annual crop. 


GREEN FODDER. 


1649, 1654, 1659, 1664 Timothy (Phleum pratense ).—Grown in the Station 
grass garden in 1896. The samples were taken July 14, at which time the seed 
was beginning to form and the stems were fairly succulent. No. 1649 was from 
a plot without fertilizer. The growth was light, thin, and of a pale color. No. 
1654 was from a plot to which was applied dissolved bone-black at the rate of 
320 pounds an acre, and muriate of potash at the rate of 160 pounds. Growth 
very similar to that on 1649. No. 1659 was froma plot which had dissolved 
bone-black and muriate of potash the same as 1654, and in addition nitrate of 
soda at the rate of 160 pounds per acre. The growth was heavy and of fair 
color. No, 1664 was from a plot which had dissolved bone-black and muriate 
of potash the same as 1654, and in addition nitrate of soda at the rate of 480 
pounds per acre. There was a much larger crop than on the other plots, with 
thick bottom and heavy leaf growth. 
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1650, 1655, 1660, 1665, Orchard grass (Dactylis glomerata).—Grown in the 
Station grass garden in 1896. The samples were taken June 30, in the early 
seed stage. The stems were somewhat woody. No. 1650 was from a plot to 
which no fertilizer was applied. The growth was thin, light, and pale colored. 
No. 1655 was from a plot to which was applied dissolved bone-black at the rate 
of 320 pounds, and muriate of potash at the rate of 160 pounds per acre. 
Growth only slightly heavier than on 1650. No. 1660 was from a plot which 
had dissolved bone-black and muriate of potash at the same rate as 1655, and in 
addition nitrate of soda at the rate of 160 pounds per acre. The growth was 
medium heavy, thick, and of fair color, No. 1665 was from a plot which had 
dissolved bone-black and muriate of potash at the same rate as 1655, and in 
addition nitrate of soda at the rate of 480 pounds per acre. There was a heavy, 

dense growth, of good color, and a large proportion of leafy, bottom growth. 


1651, 1656, 1661, 1666, AZeadow fescue (Festuca elatior).—Grown in the 
Station grass garden in 1896. The samples were taken June 30, in the early 
seed stage. Stems slightly woody. No. 1651 was from a plot which had no 
fertilizer. ‘The growth was slight, thin and spindled, and of pale color. No. 
1656 was from a plot which had dissolved bone-black at the rate of 320 pounds 
per acre, and muriate of potash at the rate of 160 pounds. A slightly heavier 
growth than on 1651, but of pale yellow. No. 1661 was from a plot which had 
dissolved bone-black and muriate of potash at the same rate as 1656, and in 
addition nitrate of soda at the rate of 160 pounds. Quite a good growth and of 
fair color. Bottom growth quite heavy. No. 1666 was from a plot which had 
dissolved bone-black and muriate of potash at the same rate as 1656, and in 
addition nitrate of soda at the rate of 480 pounds per acre. ‘There was a heavy 
crop of dark green color. Bottom growth very thick. 


1652, 1657, 1662, 1667, Brome grass (Bromus inermis).,—Grown in the 
Station grass garden in 1896. Samples were taken June 30, in the early seed 
stage. Stems quite woody. No. 1652 was from a plot to which no fertilizer 
had been applied. The growth was thin and stemmy. No. 1657-was from a 
plot which had dissolved bone-black at the rate of 320 pounds per acre, and 
muriate of potash at the rate of 160 pounds. A thin growth, somewhat heavier 
than on 1652. No. 1662 was from a plot which had dissolved bone-black and 
muriate of potash at the same rate as 1657, and in addition nitrate of soda at 
the rate of 160 pounds per acre. A medium heavy growth of good color; not 
much leaf growth. No. 1667 was from a plot which had dissolved bone-black 
and muriate of potash at the same rate as 1657, and in addition nitrate of soda 
at the rate of 480 pounds. Medium heavy growth of dark green color. The 
growth on the whole was rather stemmy, not equal to timothy, fescue, or orchard 


grass on corresponding plots. 


1653, 1658, 1663, 1668, Red-top (Agrostis vulgaris ).—Grown in the Station 
grass garden in 1896. ‘The samples were taken July 14, in the early seed stage. 
Stems quite succulent, but flower heads rather brown. No. 1653 was froma 
plot which had no fertilizer. There was a fine thick growth, quite small, not 
as pale colored as other varieties. No. 1658 was from a plot which had dis- 
solved bone-black at the rate of 320 pounds, and muriate of potash at the rate 
of 160 pounds, per acre. A little heavier growth than on 1653. No. 1663 was 
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from a plot which had dissolved bone-black and muriate of potash at the same 
rate as 1658, and in addition nitrate of soda at the rate of 160 pounds per acre. 
A thick, fine growth, medium heavy, and of good color. No. 1668 was from a 
plot which had dissolved bone-black and muriate of potash at the same rate as 
1658, and in addition nitrate of soda at the rate of 480 pounds per acre. The 
growth was thick, dark green in color, and quite heavy. There was a slight 
admixture of timothy on all plots, which was rejected in taking samples. 


1675, 1696, A/¢llet fodder.—Barnyard millet, sampled August 8 and 12, 1896, 
in connection with sheep digestion experiment No. 38. The millet was from 
bloom to early seed stage, the stems being slightly woody. 


1677, 1701, Millet fodder in about the same stage as Nos. 1675 and 1606. 
Sampled August 20 and 28, 1896, in connection with sheep feeding experiment 
No. 41. 


1703, 1705, Cow pea fodder.—This sample was taken in connection with 
sheep digestion experiment No. 43. The cow peas were cut September 3 
and 7, 1896, at which time they had attained a medium heavy growth, though 
not full grown. They were beginning to twine, and were quite succulent. 


1718-1726, 1731, Cow pea fodder.—Grown by the Station in 1896 as part of 
a special nitrogen experiment. For description of the experiment see pages 
ToI-106 of the Eighth Annual Report, and page 278 of this Report. The 
samples were taken September 18 and 21. Nos, 1718 and 1719 were from plots 
without fertilizers. Nos. 1720 and 1721 were from plots to which were applied 
dissolved bone-black at the rate of 320 pounds per acre, and muriate of potash 
at the rate of 160 pounds. Nos. 1722, 1723, and 1731 were grown on plots to. 
which mixed minerals were applied, as in 1720 and 1721, and had in addition 
160, 320, and 480 pounds of nitrate of soda per acre respectively. Nos. 1724, 
1725, and 1726 were grown on plots to which mixed minerals were applied, as in 


1720 and 1721, and had in addition 120, 240, and 360 pounds of sulphate of | 


ammonia per acre respectively. 


1669, 1670, Oat fodder.—The samples, which were taken July 10 and 15, 
1896, were in connection with sheep digestion experiment No. 34. The oats. 
were full grown with large and slightly woody stems. The seeds were about. 
half grown. 


1673, 1674, Oat fodder.—Sampled July 23 and 27, 1896, in connection with, 
sheep digestion experiment No. 37. The oats were in the early milk stage, 
quite green and succulent. 


1671, 1672, Oatand pea fodder.—Used in sheep digestion experiments Nos, 
35 and 36 respectively. The samples were taken July 15 and 23, 1896. The 
oats were full size, stems quite woody, and seeds about half grown. Peas with 
but few blossoms, and seeds full grown in many pods. The peas were quite 
badly lodged, and many stems were blackened. The proportion of oats and 
peas was about half-and-half. 


1704, 1728, Aowen.—Fine grasses and clover in about the proportion of four 
to one. Sampled September 17 and 21, 1896, in connection with sheep diges- 
tion experiment No, 44. 


i ee a thy a we, 
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1702, 1727, 1729, 1730, Sweet corn fodder.—‘* Branching Sweet” variety, in 
early roasting stage. Stalks quite succulent and proportion of ears large. Nos. 
1702 and 1727 were taken September 3 and 7, 1896, in connection with sheep 
digestion experiment No. 42. Nos. 1729 and 1730 were taken September 17 
and 21, 1896, in connection with sheep digestion experiment No. 4s. 


1697, 1698, Soy bean fodder.—Sampled August 8 and 12, 1896, in connection 
with sheep digestion experiment No. 39. The soy beans were generally in 
bloom and growing rapidly, but not full grown. 

1676, 1699, 1700, Soy bean fodder.—Sampled August 20, 24, and 28, 1896, 
in connection with sheep digestion experiment No. 4o. Crop from second 
sowing, about two-thirds grown, from bloom to early seed stage, and quite 
succulent. 


SILAGE AND CORN STOVER. 
1596, Corn silage. 
1600, Cor st/age.—Raised from Virginia grown seed, B. and W., white 
ensilage corn, by L. D. Lyman, of Middlefield. When cut it was from thirteen 
to fifteen feet tall, and was beginning to glaze. 


I591, Corn stover.—Analyzed in connection with cow feeding experiments 
Nos, 35 and 37. 

1618, Corn stover.—Analyzed in connection with cow feeding experiments 
Nos. 36 and 38. 

1736-1745, Stover of yellow flint corn.—Grown by Station in 1896. (For 
further description see page 206.) Nos. 1736 and 1737 were from plots without 
fertilizers. Nos. 1738 and 1739 were from plots to which there were applied 
dissolved bone-black at the rate of 320 pounds per acre, and muriate of potash 
at the rate of 160 pounds. Nos. 1740, 1741, and 1742 were grown on plots to 
which mixed minerals were applied, as in 1738 and 1739, and had in addition 
160, 320, and 480 pounds of nitrate of soda per acre respectively. Nos. 1743, 
1744, and 1745 were grown on plots to which mixed minerals were applied, as 
in 1738 and 1739, and had in addition 120, 240, and 360 pounds of sulphate of 
ammonia per acre respectively. 

1746-1755, Stover of white flint corn.—Grown by the Station in 1896. (For 
further description see page 206.) Nos. 1746 and 1747 were from plots with- 
out fertilizers. Nos. 1748 and 1749 were from plots to which there were applied 
dissolved bone-black at the rate of 320 pounds per acre, and muriate of potash 
at the rate of 160 pounds per acre. Nos. 1750, 1751, and 1752 were grown on 
plots to which mixed minerals were applied, as in 1748 and 1749, and had in 
addition 160, 320, and 480 pounds of nitrate of soda per acre respectively. 
Nos. 1753, 1754, and 1755 were grown on plots to which mixed minerals were 
applied, as in 1748 and 1749, and had in addition 120, 240, and 360 pounds of 


sulphate of ammonia per acre respectively. 


CURED HAYS AND ROWEN. 
1593, Clover hay.—Used in cow feeding experiment No. 37. 
1622, 1623, Clover rowen.—Field cured and barn cured respectively. Used 


in sheep digestion experiments Nos. 28 and 29. 
20 
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1617, Yay.—Second quality from fine meadow grasses. Used in cow feeding 
experiments Nos. 36 and 38. 


1621, Afillet and Hungarian hay.—¥Half-and-half. Used in cow feeding 
experiments Nos. 36 and 38. 


1592, Oat hay.—Used in cow feeding experiment No. 35. 
1613, Oat hay. 


1625, Oat hay.—Cut when about two-thirds guwwn... Used in sheep digestion 
experiment No. 31. nf 


1599, Swamp hay. 


1624, 1641, 1642, Fine rowen hay.—From mixed grasses. Grown by the 
Station, and used in sheep digestion experiments Nos, 30, 32, and 33 respec- 
tively. 


SPECIAL NITROGEN EXPERIMENT. 


In the year 1895 the Station began a series of field experi- 
ments on the effects of nitrogenous fertilizers on the yield and 
composition of corn, cow pea fodder, and soy bean seed. Sam- 
ples of the seeds, the fodder, or the stover were taken from the 
various plots at the time of harvest, and have, in most cases, 
been analyzed. Samples 1718-1726, 1731 of cow pea fodder, 
and samples 1736-1745 and 1746-1755 of corn stovers, and the 
two lots of flint corn, 1756-1765 and 1766-1 775, described 
below, represent samples taken in connection with this experi- 
ment. For a full description of the experiment, see pages 
Io1—106 of the Kighth Annual Report, and page 205 of this - 
Report. 


SEEDS. 


1756-1765, Yellow flint corn.—Grown by the Station in 1896. Nos. 1756 
and 1757 were from plots without fertilizers. Nos. 1758 and 1759 were from 
plots to which were applied dissolved bone-black at the rate of 320 pounds per 
acre, and muriate of potash at the rate of 160 pounds per acre. Nos, 1760, 
1761, and 1762 were grown on plots to which mixed minerals were applied, as 
in 1758 and 1759, and had in addition 160, 320, and 480 pounds of nitrate of 
soda per acre respectively. Nos. 1763, 1764, and 1765 were grown on plots to 
which mixed minerals were applied, as in 1758 and 1759, and had in addition 
120, 240, and 360 pounds of sulphate of ammonia per acre respectively. 


1766-1775, White flint corn.—Grown by the Station in 1896. Nos. 1766 and 
1767 were from plots without fertilizers. Nos. 1768 and 1769 were from plots 
to which there were applied dissolved bone-black at the rate of 320 pounds per 
acre, and muriate of potash at the rate of 160 pounds per acre. Nos. 1770, 
1771, and 1772 were grown on plots to which mixed minerals were applied, as 
in 1768 and 1769, and had in addition 160, 320, and 480 pounds of nitrate of 
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soda per acre respectively. Nos, 1773, 1774, and 1775 were grown on plots to 


which mixed minerals were applied, as in 1768 and 1769, and had in addition 
120, 240, and 360 pounds of sulphate of ammonia per acre respectively. 


1706-1717, Oats.—Grown by the Station in 1896 in rotation soil test. (See 
page 213 of this Report.) The plots have received the same kinds and amounts 
of fertilizers for the past eight years. Nos. 1715, 1716, and 1717 were from 
plots without fertilizers, No. 706 was froma plot to which 160 pounds per 
acre of nitrate of soda had L.en applied. No. 1707 was from a plot to which 
320 pounds per acre of aissolved bone-black had been applied. No. 1708 grew 
on a plot which had received at the rate of 160 pounds of muriate of potash per 
acre. No. 1709 was from a plot receiving both nitrate of soda, as 1706, and 
dissolved bone-black, as 1707. The plot on which 1710 was grown received 
both nitrate of soda, as 1706, and muriate of potash, as 1708. No. 1711 was 
grown with dissolved bone-black, as 1707, and muriate of potash, as 1708, while 
1712 received all three forms of fertilizer, as 1706, 1707, 1708. No. 1714 was 
from a plot receiving stable manure, and 1713 from a plot receiving stable 
manure and dissolved bone-black, 160 pounds per acre. 


MILLING AND BY-PRODUCTS. 


1588, Corn meal.—Made from Western grown corn. Used in cow feeding 


experiment No. 35. 
) 
1598, Corn meal, 


1620, Corn meal.—With a small amount of cob. Used in feeding experi- 
ments with cows, Nos. 36 and 38. 


1615, Buffalo gluten feed.—Used in feeding experiments, Nos. 36 and 38, 
with cows. 


1594, Chicago gluten meal.—Used in feeding experiment, No. 37, with cows. 
1614, Chicago gluten meal. 
1616, Linseed oil meal.—Used in cow feeding experiments, Nos. 36 and 38. 


1590, 1595, Wheat bran.—Used in feeding experiments with cows, Nos 35 
and 37. 


1597, Wheat bran. 

1603, 1604, Wheat bran.—From winter wheat and spring wheat respectively. 
1619, Wheat bran.—Used in feeding experiments, Nos. 36 and 38, with cows. 
1643, Wheat bran (coarse ).—Used in sheep digestion experiment No, 32. 
1589, Wheat middlings.—Used in feeding experiments, Nos. 35 and 37, 


with cows. 
1601, 1602, Wheat middlings.—From winter wheat and spring wheat respec- 
tively. 
1644, Wheat middlings ( No, 2).—Used in sheep digestion experiment No. 33. 
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TABLE 73. 


Composition of fodders and feeding stuffs analyzed 1895-96. 


Calculated to water content at time of taking sample. 
























































3 . 4 5 F 

a FEEDING STUFFS. s ys g = [ E 3 & 

c P| me oe On 

Green Fodders. % % % % 
1649 Timothy, - . ="62.40,1°5 220 41-68 4 2.40 
1654 Timothy, - - 2 61. 40412. AIS 28u 21.28 
1659 Timothy, - - | 63.62] 2.48 | 1.08 | 2,07 
1664, Timothy, - ~ 1.63.69 | 2.86 1] 1.14) 1.80 
Average (4) 4- fa) 62, 78| 2.75 | 1.80 2.14 
Avg. all analyses (16), | 68.60! 2.60 1.00 2.00 
1650, Orchard grass, - - 66.021 3:43 4.1.78 | 3.24 
1655) Orchard grass, - - | 66.63] 3.18 | 1.68 3.46 
1660; Orchard grass, - <i TE AGM CeO tet asain 2.86 
1665 Orchard grass, - vii} 72.07 Ware hae Oed| 2.33 
Average (4), - - | 69.26] 8.17 | 1.66 2.97 
Avg. all analyses (16), 68.60 3.00 1.30 2,80 
1651| Meadow fescue, __ - Gee, 3.25 | 1.69 | 2.02 
1656) Meadow fescue, =" 66.28 det aoal gaan 2.64 
1661} Meadow fescue, - | 69,221 -3.10 | 1.20.) 2.63 
1666 Meadow fescue, Pe tar en We ke Ba A ON 2.20 
Average (4), - 68.33| 3.23 | 1.39 2.60 
Avg. all analyses (14), 71.60} 2.50 | 1.00 2.10 
1652} Bromus inermis, #/4\03,,09 tre pOoEinT 26 2.76 
1657| Bromus inermis, =1)64.395:) 22880-1221 40% 
1662| Bromus inermis, = "| 66.07) 73.19 W1i.16 2.08 
1667| Bromus inermis, 70500 ).4 DOs 27a 2.20 
Avg. all analyses (4), | 66.04} 3.25 | 1.23 2.70 
1653| Red-top, - : = [50054 9-2 OL aieat 3.16 
1658| Red-top, - - ~ 58.03 | 2992 )| 42 Se 2.64 
1663| Red-top, - a - |62.74| 3.06 | 1.39 2.56 
1668| Red-top, OD so xg+ Bowie aa 2.36 
| Avg. all Rese (4), 09.94) 99518 ol oi, 2.68 
1675| Millet fodder, - «0! 75.491 22.03 .gI 2.24 
1696| Millet fodder, - -Al'75 250 io Layout! 2.08 
1677| Millet fodder, - = |, OO (51 errs ser a6 j 2.26 
1701| Millet fodder, 712091) 122 73 : 2.02 
Avg. all on Aiyees (4), COLT VOLT .90 : 2.15 
1703 | Cow pea fodder, - | 84.03] 2.81 So A ay Se I.gO 
1705 | Cow pea fodder, - | 84.74] 2.97 57 te KO eta mae 1.84 
1718 | Cow pea fodder, - | 81.72] 3.08 5 Sah es 4. 27.20 
1719) Cow pea fodder, - | 79.08] 4.19 soar Ox zu 2.54 
1720) Cow pea fodder, | OA PSOT 2 a0 54 |; 6. 3. 1.94 
1721 | Cow pea fodder, oJ 82.56 Ta ee whe S5O NF. a. 2.02 
1722| Cow pea fodder, ee Pee he ees PU er ont rey Ay Te 1.96 
1723} Cow pea fodder, - | 82.90] 3.23 ee Co We Bs 5) 2.07 
1724| Cow pea fodder, ek ee biter wae SLO! 4. 1.96 
1725 | Cow pea fodder, = S270 92 86 ay BN a isle P57 
1726| Cow pea fodder, PO a 92 7a oa oak £90 fees) oe 1.96 
1731| Cow pea fodder, ~ | 83 44s 3 23 202 aie an 1,2 
Average (12), - obese 16 8.15 6S ie? 3. 9.02 
Avg. all analyses (49), 83.00} 3.00 | .60| 7 3 2.00 














Fuel Val. 
per. Lb. 





Cal. 


695 
795 
665 
665 


970 
615 
595 
505 
495 
565 


630 


O10 


550 
500 


515 


655 
630: 
610 
545 
610 


780 
745 
680 
795 
730 


435 
430: 
615 
515 
500 


275 
265 
310 
360 
260 
300 
305 
290 
285 
300 
245 
285 


295 
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TABLE 73.—( Continued. ) 


















































a 3 q 5 =O 
F S = 3 fo | ag 3 > 
4 EEDING STUFFS, 5 3 3 on : 4 ay 
rate pa Z Bo 

Green Fodders q, 4, of, . 
: 0 ’) 0 lo lo ly Cal. 
1669| Oat fodder, : © 1691613 : 6 See i 
1670| O : -47 | 1.40 |15.70 9.71] 2.50 | 600 
7 at fodder, : =" 66.95) 3.0 TAG 
et 0 |S poe te lee oleae 
1674} Oat fodder, . - es a ae Pa ae sae 
Average (a), =~ | 70.98/ 9.98 1.93/14 la 9106/ 2196 | 0 
: . vg. all analyses (6), 73.60; 2.90 | 1.20 | 12.30 7.80} 2.20 | 480 
1071 | Oat and pea fodder, - | 68.8 
1672| Oat and pea fodder, - | 71. ii 168 ot iene | Sick ae ates 
Average (2), - '- | 70.12| 4.34 143/128 9.41) 2.19 | B50 
Avg. all analyses (7), | 79,90] 3.60 | 1.00] 8.30 5.50) 1.70 | 365 
1704| Rowen, - s _ , 
co (eee : i es ee ee ae Bess 1.94 | 450 
Average (2), - 72.96| 6.76 1.48 | 1247 7.11 2.32 | 800 
Avg. all analyses (10), 77.70| 3.70 1.00 | °9.60| 6.00) 2.00 | 400 
1702| Sweet corn fodder, - | 82.76] 1.6 | 
1727| Sweet corn fodder, - | ; | 2A (tO AL 13 790 ae teas 
, 179.43] 1.94 163. W120 23.) 4.640 Te oor aae 
4729) Sweet corn fodder, - |82.64| 1.84 | .47 | 9.87| 4.03] 1.15 | 315 
1730| Sweet corn fodder, - | 81.02] 1.84} .62]10.92|] 4.45 1.15 345 
Average (4), - 81.46/ 183 .58/ 10.86) 417) 1.15 | 335 
Avg. all analyses (6), 80.80; 1.80 |. .50 | 11.40; 4.80) 1.20 | 345 
1697| Soy bean fodder, 2 BI I 66 6 2 
1698| Soy bean fodder, —- ee fee 87 56 ee ae ane 
1676| Soy bean fodder, - | 75.96| 3.80 | 1.22 | 10.58| 6.03] 2.41 | 430 
1699| Soy bean fodder, ~- | 77.42| 3.56 | .93 | 8.64| 7.16| 2.29 | 400 
1700| Soy bean fodder, - |75.78| 2.69:| .92 | 11.77| 6.50] 2.34 | 430 
Average (5), - 77.16 3.29| 92) 9.53| 6.74] 2.386 | 405 
Avg. all analyses (13),| 76.50 3.60 | 1.00 10.10) 6.50| 2.30 | 420 
Enstlage. 
1596| Ensilage, - - - |53.36| 3.14 | 1.46 | 30.59] 9.38| 2.07 | 865 
1600} Corn ensilage, - 75.08 17% 67°) 13.07.| 6. 3411. 20) ade 
Avg. all analyses (14), 75.40| 1.90 | .90 | 14.00} 6.40) 1.40 | 455 
Cured Fodders. | 
1591! Corn stover, - tte ay Oa 7a 2,00 43.84 29°57 07 OO SES 75 
1618| Corn stover, - so 674-3479 11.13, 30708 | 20733 5.66 |1265 
1736| Corn stover, - = | 43.69) 4.36 .70 29.34 17,61, 4.30.4) 985 
1737| Corn stover - - | 46.15 | 3.60 | 1.07 | 24.90 | 20.32 3.96 | 955 
1738| Corn stover, - - | 43.78| 3.01 | 1.18 | 27.62 | 20.32 | 4.09 | 1000 
1739| Corn stover, - - | 43.63 | 2.85 | £.28 | 28.25 | 19.87] 4.12 | 1005 
1740| Corn stover, - - | 42.29] 3.04 | 1.15 26.68) 22.90/ 3.94 | 1030 
1741| Cornstover, - - | 46.39) 3.71 .99 | 25.09 19.88] 3.94 | 950 
1742| Corn stover, - - |40.19| 4.21 | 1.14 | 27.99 21.95 | 4.52 1055 
1743 | Corn stover, - a2. 30) 30t4 | 1.31.).29204 20.89] 4.26 |1025 
He44\Corm stover, . - = | 63.66) 2.89 .86 | 22.77, 16.46; 3.36 | 820 
1745 | Corn stover, -- SaaS. 70.1.4 wa .99 | 24.93] 17.05 | 3.89 | 905 
1746| Corn stover, - - |16.51| 6.12 | 1.49 | 40.60 | 28.88) 6.40 |1470 
aaa | Corn stover, © -- - 117.35 | 5.27 | 1.37 | 41.22 | 28.84] 5.95 |1460 
W745 \,Corn stover,| © - - | 22.93 | 3.68 | 1.63 | 39.49 25.76 6.51 |1350 
1749 | Corn stover, = oh 25 TO. 3. 98 (kag Lp egy 04 26.98 | 6.17 |1310 
1750), Cotn stover, --- - | 22.37! 3.79 |. 1.69 | 40.14 | 25.85 6.16 1370 
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TABLE 73.—( Continued. ) 
. . o 
7, 8 3 4 Bas a 
s FEEDING STUFFS. s © de cane “s 
a 5 a 
Cured Fodders. % G % % % 
1751| Corn stover, - - |25.50| 4.45] 1.48 .40 5.42 
1752) Corn stover, - - | 22.55] 6.43].1.51 <30 5.67 
1753) Corn stover, - 420530 132 32i- Tes SI 6.14 
1754} Corn stover, Z - 131.45) 3.981 1.43 BOLE 5.83 
1755| Corn stover, - - | 30.67/| 4.84] 1.25 .II Ba3 
Average (22), - /83.35/ 4.10; 1.30 81 | 5.10 
Avg.all analyses(t7a), 41.60; 3.60; 1.20 80 3.80 
Cured Hays and Rowen. | 
1593| Clover hay, - =) 20.44 sia. 0s102. 04 .70 Opra 
1622) Clover rowen, - -HAES DE 3M ES sO4m es? OF . 36 7.24 
1623) Clover rowen, - - |14.56/17.39| 3.82 .20 7.35 
Average (2), - 14.84/16.52 3.72 37,28 7,29 
Avg. all analyses (6), 11.20} 15.50) 3.50 | 39.10 6. 80 
1617| Hay, 2d quality, - 80) T1595 1-240 da vor Ais 
Avg. all analyses (3), ii 00; 9.40 2.80 | 42.80 6,50 
1621; Hay, millet and Hun- 
garian), - - - | 6.65] 6.47] 2.20 | 44.44 5.22 
1592| Hay, oat, - - - |} 8.16) 7.85 1.3.59 | 44.87 5.94 
TOF3) tay, oat; ?- - “Uh 25-5 5a Onb aera Ac eRe 5.35 
1625| Hay, oat, - “ - | 12/25] 9.79) 4.14 | 42.48 5.55 
Average (Sas 8.65) 8.59' 3.48 44.41 5.61 
Avg. all analyses (12), 11.60 8.40 3.80 43.40 5.40 
1599| Hay, swamp, - 6.30 | 9.06} 3.09 | 48.91 6.47 
Avg. all analyses (3), 8.10; 9.60 3.80 46.00 6.20 
1624| Hay, fine rowen, - | 10.51) 14.40] 4.43 QI 6.67 
1641| Hay, fine rowen, =) 18: 24-13.54124503 tay 7.51 
1642| Hay, fine rowen, - | 8.84) 13.06] 4.81 “254 7.02 
Average (3), - 10.86 13.67 4.72 43 7,07 
Avg.allanalyses (41), * 13.00) 9.20 3,20 30 5. 50 
Seeds. 
1756, Corn, - - =| 28.4079 Og i/04 20 yh em LES 
1757| Corn, = - - | 26.92| 7.47| 4.27 “Olneaie ti64 
1759) Corn, “ - 71°27, 003 658015483 160.4) Gk 134 
1759/ Corn, 2 - - | 26.81 | 6.86] 4.30 QO er. ees 
1760; Corn, - - - | 29.54} 6.58) 3.95 .89 : 1.08 
1761) ‘Corn. - - - | 29.14] 7.62| 4.14 .Q2 2 baz 
1762| Corn, - - =" 23.2617 8.384 (ako Sa ners 1227 
1763, Corn, serie N25. 20409 (638 seo ae VEE: 1.38 
1764| Corn, ~ - - | 29.09] 6.99] 4.95 fASsh ata kag 
1765, Corn, = . - | 22.68) 8.60] 4.76 AS OSC I TA35 
1766) Corn, - - - | 16.10} 9.34] 4.58 24 ure I.50 
1767| Corn, - - - | 24.99} 8.41] 3.90 A210 1,28 
1768) Corn, - - = 15 .47e) 82 LOA 3 Gis ary 149 
1769 Corn, “5 0S Voy al 2a 6 Abe eg. OTT ae G Ry Tore 1.24 
1770] Corn, - - - | 20.81 | 8.06} 4.67 oe ae 1.59 
1771| Corn, - - = 225 OO tec), COME aT 74 : 1.50 
P7772) Corn; - 2 - | 21.33| 9.80/] 4.46 73 ats 1242 
£793) Corn, - : - | 22.02] 8.51] 4.34 86 EG 
1774| Corn, - - Fh 2T TRO S64 rok 6 25 to5G 


























* These include hay from mixed 
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TABLE 73.—( Concluded. ) 
° ; eS : 
a | | i ne e “ . 5 a ease 
FEEDING STUFFs. eo: = S “Te 2 a a 
=: ee cs eee ade. “= | 38 
oes | | fy 
| i > el cea 
| Seeds. Nano e):|), oe % q % 2 | Cal. 
1775, Corn, - : = |22.03]| 9..38:) 4.96 |.61.00)) 1.01% die 1540 
Average (20)e - - |24.03|; 8.04| 4.53 |60.86/ 1.18 | 1.86 11495 
Avg. Fie dal yses (173),| 18. 90 Ge 00° 4.70 | 64.70) 1.80 | 1.40 |1595 
1706 Oats, eee = | 9.07 113.50) 5796 61194), Oaeaiean 
rage Oats, Se ee) ee 7 pile 5.93 63.33 7.96 330 age 
1708 Oats, 27 = - | 9-28) 11-50 5.70 | 62,20) 8:27 arose Witsoe 
1709 Oats, F =~ | 8525111569 5.83: 164,744) 6272") 227 naee 
1710 Oats, = - = 8.41 |12.94| 5.97 | 62.98) 6.97 | 2.73 |1790 
Aes Oats, - - - | 10,05 |-10,81 | 5,80 |63.86 | 62731). 2272 1r90c 
£712) Oats, - i - | 7-33|11.02| 5.60 | 64.21] 9.06 | 2.78 |1805 
1713) Oats, =@ee ot = | 7.81) 11.13) 5.50-| 63464") 9.02 We ayo0M nae 
1714| Oats, a : =|) 8.59 /T1269:)/65.64, (64,94 | 6,640) 2, 7O gee 
1715} Oats, - - 10,94.) 11573 1.5.05 161.28) 7155 ence ee 
1716) Oats, - - = 199-98 | 11.621" 5'.63° (61.19) 87400 )-3-12nigeg 
1717| Oats, = 7 - | 8758 | 12,00 | 5.40 162.084 8:93.) 301 4790 
Average (12), - S87. Ll. (507725) G3 0207.14. orcOmiin ne 
Avg. all analyses (50), (12,80 12.70) 5.20 58.10 8.50 | 2.70 |1695 
Milling and By- | 
Products. | 
1588) Corn meal, 2 2) PIT..08).9; 19.) 5.40 170.00.) 1.70. il eouinaas 
1598; Corn meal, 2 =) PIT. 4Serto.60155..37 69210 1. S4nie PedOatr ace 
1620, Corn meal, = = 10,78 10.15 144.55 | 70075 2.200 a5 7 ae 
Average (3), s 11541 710,01 5518169297 | 1:62 eros iis 
Avg. all analyses (23), |} 12.90) 9.60; 4.50 | 69.90) 1.60 | 1.50 |1700 
1615 Buffalo gluten feed, | 8.23 | 26.75 | 5.25 |52.54| 5.53 .70 |1800 
Avg. all analyses (6), | 8.60 | 22.60 ;12.00 49.60) 6.10 | 1.10 1965 
1594 Chicago gluten meal,- | 9.56 33.02) 7.74 | 45.03, 3.93 | .72 |1850 
- 1614) Chicago gluten meal,- | 8.10 43.13] 5.27 | 40.37| 2.21 .92 |1820 
Pane GC), : 8.83 38.08 6.50 42.70 3.07 .82 1835 
Avg. all analyses (7), 8.70 35.40 6.30 45.90 2.70 1.00 1890 
1616 Linseed oil meal, = | 8.00 | 38:44 |.6.74 [32.03 8.63 (a5 200k yo 
Avg. all analyses (10), 10.80 38.80, 5.80 87.40 7.60 | 5.60 |1690 
1590 Wheat bran, - - | 8.73/ 18.00) 4.97 54.92) 7.70 | 5.68 |1710 
1595 Wheat bran,~ - - | 8.45 /17.44, 4.55 |55.02) 9.13 | 5-41 {1710 
1597 Wheat bran, - rei) 9075 | 17262 | 5.50 -152,07 |, 8-05 ese Lami iS 
1603) Wheat bran, winter, - | 7.94) 17.75 | 4.32 | 54.90 8.78: 1 6.31% 1605 
1604, Wheat bran, spring, - | 7-77 | 17-31 5.58 |54.54| 9.56 | 5.24 [£750 
1619 Wheat bran, =~) 6.77 | 18.06| 4.67 | 57.39 | 7.97 | 5.14 |1750 
1643) Wheat bran, coarse, - 7.05 | 18.25 | 5.44 | 55.00 12.129 0,00 |t745 
| Average (7), - 8.07 | 17. 85} 5.01 | 54.97) 9.08 | 5.57 1725 
| Avg. all analyses (38), 9.40/17.20) 5.10 | 58.70 | 9.10 | 5.50 |1705 
1389 Wheat middlings, 9.93 | 17.00 3.96 | 63.89 | 2.78 | 2.44 |1725 
1601 Wheat middl’gs,winter,| 9.27 | 18.13 3.83 |60.20| 5.30 | 3.27 |1715 
1602 Wheat middl’gs,spring, eee! ay 5.57 | 52.73 ee Bei Poe 
1644 Wheat middlings, - .41 | 18.69] 5.79 | 52.54| 9.00 | 4.9 
BE scrave (4), 9.52 18.49 4.79 57.34 6.08 | 3.78 1725 
Avg. all Snalyses (16), | 10. 30 18.30) 5.10 |56.80| 6.00 | 4.00 {1715 


grasses as well as rowen from mixed grasses. 
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TABLE 74. 


Composition of water-free substance of fodders and feeding stuffs 
analyzed I8Q5- a 















































. | . o S ; Ba 
6 FEEDING STUFFS. 5 a oe = Es ce 
Ais a Za anes 
Green Fodders. ho ho ho VS ee fe 
1649} Timothy, - . = - | 8.51 | 4.46 | 51.42] 29.221 -O go eiece 
1654 Timothy, - - - - | 6.41) 3.32°1 51.68.) 927669 "550 tie 
1659, Timothy, - . - - | 6,82} 2.95 | 50.82/ 33.71) 5.70] 1825 
1664) Timothy, - c - | 7.89) 3.13 | 51.91 | 32.12] 4.95| 1840 
Average (4), -- 4 = | 7,411 6.46 4 51.46) C100 eo, emer 
Average all analyses (16), 8.52 8.22 | 48.39 83.61 6.26 1820 
1650) Orchard grass, - : - |10.09} 5.25 | 43.65 | 31.47| 9.54} 1810 
1655| Orchard grass, - - - | 9.53] 5.03 | 42.67 | 32.40 | 10.37] 1785 
1660) Orchard grass, - : - | 10.07; 4.62 | 39.85 | 35.43 | 10.03; 1780 
1665, Orchard grass, - S - | 11.83} 5.38 | 42.55) 31:07) (Boe yo 
Average (4), - | 10.38) 6.07 | 42.18) 82:74; 9.63 | 1800 
Average all analyses (16), 9.74 4.25 43.23 33.92 8.86 1800 
1651| Meadow fescue, - = - | 9.36] 4.85 | 48.59 28.79. 8.41 | 1820 
1656| Meadow fescue, - : - | 9.24) 3.86 | 50.10] 28.99) J7usgaueueam 
1661, Meadow fescue, - - = | 10.07] 3.90 | 49.29| 28.20] 8.54] 1810 
1666 Meadow fescue, - = ~ | 12.59] 4.94 | 44.174.30-26:)) 8 30reiegs 
Average (4), -  - -» - | 10,81) 4.89 | 48.04) 29.06) 8.20) 1815 
Average all analyses (14), _ 9.02 3.30 | 45.81] 34.69; 7.68) 1795 
1652) Bromus inermis, - - - | 8.02] 3.48 | §2.00| 28.84] 7.60) 1806 
1657| Bromus inermis, - 4 - | 8.09| 3.38 | 51.701 27.831) QO, OOumiaee 
1662) Bromus inermis, - - ia VS AO ames ee i 25.52.| 7.7Os ieee 
1667, Bromus inermis, - | 13.38) 4.25 30.334) Jeaauueoes 
Average all aah oe (4),- | 9.72) 3.66 | 49 $0 98.88 7.92) 1800 
1653| Red-top, - - : zi | Or7Orw 3223 53 Ig | 29.60] 7.28] 1800 
1658, Red-top, - - - at C762 hse aGe | 53-32 | 30.34 6.42] 1820 
1663) Red-top,  - - - ai 58 S200 1244 algD 34 28.70 6.88) 2ee6 
1668) Red-top, - | 9.80] 3.50 152.11} 28.39) Gil4y Tego 
Average all ial ises (4) et. G04 3.44 82, 3 | 29.27) 6.68, 1815 
rove Milletiioddertse=. =) lsu) “Syen.| aus 49.26 | 29.63| 9.11| 1780 
T690|' Millet fodder, -  - | =| 7.09} 2.51 Meat 05 | 31.87}; 8.48| 1760 
1677| Millet fodder, - - at Os An eALO4 ek | 30.12] 6.74] 1830 
1701, Millet fodder, - | 4.22] 2.48 | 54.41 | 31.91] 6.98| 1790 
Average ail analyses (4),- 6.48 3.19 51. 82 30.88 7.83 1790 
1703, Cow pea fodder,- - =~ 17.58) 3.54 43.34 23.61| 11.93, 1720 
1705| Cow pea fodder, - < ~.| 19:44) 3.71 141.360) 23.30 2 )oumawem 
1718} Cow pea fodder, - a - | 16.82} 2.92 | 42.99] 25.23| 12.04| 1708 
1719) Cow pea fodder, - - ~:| 20.03) 3.91 | 44.95 | 18.90) 12015) aoee 
1720, Cow pea fodder, - 2 - | 19.66| 3.59 | 41.40| 22.55 112,80) ngee 
1721} Cow pea fodder, - _ ~ | 18.23] 2.87 | 44.84] 22.48] 11.58] 1710 
1722| Cow pea fodder, - - - | 16.81 | 2.98 | 46 I5 | 22.97| 11.09] 1725 
1723, Cow pea fodder, - - - |.18.90) 2.88 | 43.44 | 22,67) 12etu eto 
1724, Cow pea fodder, - - -|| 19.02) 3.07 | 41.67) 24.90! ae oeuieees 
1725, Cow pea fodder, - - - |16.61| 2.71 | 46.10| 23.70] 10.88] 1720 
1726, Cow pea fodder, - - |} 21.39) 2.63 | 38.43] 24.2513 soon gon 
1731, Cow pea fodder, - : - 119.49] 3.76 | 44.72] 20.41 | 11.62| 1730 
Average (12), - 18.67 3.22 43.28 22.88 11.95 1715 
Average all analyses (49), | 18.09 3.47 44.74 22:15 11,55 1730 
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3 x ® : 
ZB FEEDING STUFFS. = eG ke 2 2 
s é ae ie 
Green Fodders. % pee ek | % % 

1669} Oat fodder, a - - | 10.56} 4.46 | 47.80] 29.57] 7.61 
1670} Oat fodder, - - ~ | 9-24] 4.43 | 49.45 | 29.90] 6.98 | 
1673) Oat fodder, - . - | 10.00} 4.20 | 44.88] 32.57) 8.35 
1674| Oat fodder, ‘ = =P LOLS 2 4. 27°47 17 | S05 As eho 
Average (4), - - | 10.08; 4.84 | 47.83) 30.61) 7.64. 
Average all analyses (6), - | 11.28) 4.62 | 46.32 | 29.44) 8.34 
1671} Oat and pea fodder, - - | 12.84] 5.03 | 48.51 | 26.55 7.074 
1672) Oat and pea fodder, - - | 16.38] 4.55 1-37-10 [34.783 97.13 
Average (2), - - | 14.61) 4.79 | 42.84| 30.66! 7.10 
Average all analyses (7), - | 18,92; 5.01 | 40.61 | 26.69; 8.77 
eae owen, Fe rg gs |g rt 46.55) 25.34) 7.95. 
1728} Rowen, - - 2 - | 13.50] 5.29 | 45.71] 27.05| 8.45 
Average CLA - | 18.98) 5.50 | 46.18/ 26.19! 8.90 ' 
Average all alps. (10), | 17.09! 4.03 | 42.64) 27.05; 9.19. 
1702} Sweet corn fodder, - =} 0.00) Sen 60. 38 | 20.63| 6.32 
1727| Sweet corn fodder, - - | 9.41] 2.57 | 59.48 | 22.58] 5.06 
1729} Sweet corn fodder, - - | 10.62] 2.70 | 56.87] 23.19| 6.62 
1730, Sweet corn fodder, : - | 9.68] 3.24 | 57.58] 23.44| 6.06 
Average (4), - -| 9,88} 2.84 58.58| 99.46) 6,94 
Average all analyses 6), - | 9,385] 2.85 | 59.81] 29.82) 6.17 
1697| Soy bean fodder, ~ =<) 25.37 }°3.25°>} 35.88) 31,18 lit )32 
1698| Soy bean fodder, - - | 14.28] 3.81 | 38.03 | 33.28 | 10.60 | 
1676 Soy bean fodder, - - | 15.80] 5.05 | 44.04 | 25.06 10.05 | 
1699} Soy bean fodder, - — VES. 771 4.10 138.301 41.72 | 10) 17 
1700) Soy bean fodder, - = Phe iet,. 7001 40.02) .20,82) Gg, 64. 
Average (5), - - 14,47) 4.00 | 41.58 | 29.61) 10.34. 
Average all analyses (13), 15.26) 4.09 | 43.04| 27.57) 10.04 | 
Enstlage. | | | 
1596) Ensilage, - - - - | 6.73] 3.13 | 65.59] 20.10 4.45, 
1600/ Corn ensilage,  - sifnye201: 2270 1 SBL1s 126.41 5.37 | 
Average all analyses (14), | 7.88| 8.53 | 55.81| 27.45) 5,83 | 
Cured Fodders. | | 
1591| Corn stover, - - ~-| 7.30| 2.33 | 49.46133.36| 7.55 | 
1618) Corn stover, . - - | 4.40/ 1.56 | 49.84 | 36.38] 7.82] 
1736) Corn stover, - - eh. A5j iota 52.10) 31/24 7.64 | 
1737| Corn stover, = : - | 6.70} 1.98 | 46.23 | 37.72 7-37) 
1738} Corn stover, - = - | 5-37) 2-11 | 49.12/ 36.13] 7.27) 
1739} Corn stover, - - iaeOsi oe 27 150, E195. 240 237) 
1740} Corn stover, - - Sete ee. 00; 4.22) 30767 1.6583) 
1741| Corn stover, . - - | 6.91%] 1.85 | 46.80] 37.08] 7.36) 
1742) Corn stover, - - - | 7.04] 1.92 | 46.80] 36.69] 7.55 | 
1743| Corn stover, Sete aaa Sie 2-27 -|.48-66.1 36,24 | *7 538) 
1744) Corn stover, - - Paletae 5 heb dO.) 40.73) 9a) gr 9.98 
1745} Corn stover, - - - | 8.54} 1.94 | 48.65 | 33.27| 7.60! 
1746) Corn stover, - : erhaehioo el. 70, 1 48.63:/°34.591) 7.6001 
1747} Corn stover, - = PO.3i7 iter OO" 49.2891 34:00.) 17 20 
1748} Corn stover, - ee Se tg eel 61). 24 134 43 8.45, 
1749| Corn stover, : f - | 4.52] 1.75 | 49.46! 36.03 8.24) 
1750; Corn stover, - - “9 MAD [217 eS BLO 33, 30 Tas | 
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. . v as 
rs FEEDING STUFFS. 3 wv pis a < 3 5 
| Ay AZ fy 

Cured Fodders. % q % % q Cal 
1751| Corn stover, - - - | 5.97] 1.99 148.85 35.91 |-7, 20nea ge 
1752) Corn stover, - - - | 8.30] 1.95 |/50784 1:31:50) fuga see 
1753| Corn stover, - - -'| 4.70] 2.20./'50.70.) 33.91) 870g .em game 
1754 Corn stover, - - - | 5.81 | 2.08 |49.85 | 33.75 | 5.51 see 
1755) Corn stover, - - - |.°6.99) 1.81 146.311 37.90); 7.535) ee 

Average (22), 6.17 | 1.95 | 49.12) 35.15) 7.61 \et7ee 
Average all analyses (174), 6.40) 1.98 | 51.04] 34.19} 6.29 | 1790 
Cured Hays and Rowen. 
1593} Clover hay, - - | 15.641 2.40 | 41.36) 34. 05 mmo 55 cn go 
Average all analyses fo) 17.55 | 8.92 | 48.98) 26.92; 7.68 | 1810 
1622) Clover rowen, - “ - 118.43 4.26 |.44.02 | 24.771 8.52 eos 
1623! Clover rowen, - 20.30) 4.47.1 43.54 | 23.03 | 8 GOulmmoon 
Average all analyses (Ge - | 19.89} 4.37 | 48.78] 28.90; 8.56 | 1885 
1617| Hay, second quality, - - | 12.48] 2.56 | 46.83 | 33.10] 5.03 | 1830 
Average all analyses (3), - | 10.47 3.17. 48.17| 31.90| 6.29 1810 
1621| Hay, millet and Hungarian, | 6.93/ 2.35 | 47.61 |37.51| 5.60 | 1815 
1592} Hay, oat, - - - - | 8.255.) 3.91 | 48.85 | 92.22) 61479) ches 
1613) Hay, oat, - - ~ - | 8.61 | 2:87. 1 48..58. 1.340287) 5) G65 erage 
1625| Hay, oat, - ~ : =.) 11.16))° 4.972) 48 (42-120, 38 6.32 | 1855 
Average (3), - - -| 9,44) 8.83 | 48,62/ 31.96) 6.15%] 1835 
Average all analyses (12), 9.54| 3.79 | 49,21) 381.42) 6.04 | 1840 
1599] Hay, swamp, - - | 9.67] 3.30 | 52.20} 27.931 6.90) e8ore 
Average all analyses (3), 10.45; 8.65 | 50.00 | 29.19] 6.71 | 1820 
1624) Hay, fine rowen, z - |16.09| 4.94 | 47.95 | 23.56! 7.46 | 1840 
1641) Hay, fine rowen, - - |15.60| 5.68 | 46.27 | 23.79] 8.66 | 1835 
1642) Hay, fine rowen, - - |14.33| 5.28 | 48.54| 24.15] 7.70 | 1840 
Average (3), - - | 15.84 5.80 | 47.59 | 28.88) 7.94 | 1840 
Average all enalvece, (41),* | 10.72) 8.59 | 48.62) 80.69) 6.388 | 1825 
Seeds, | 
1756|'Corn,-. - = --  - | 9,90] 5.81 |80.60)] 2.084161 reese 
2757) orn; ~ - - = - | 10.22 | .5.84*|:80. 20] 1.92) tys2uletoen 
1758) Corn, - - - - - | 9.31 |.6.21 | 80,66) 2.031010 7oeeraae 
1759) Corn, - - - - - |} 9,38 5.88 | 81.01.) -2.03) 1. 9osie tore 
1760) Corn, - - - - -.| 9-34) 5.60) 82.16) 1.36) 1 (e§4e ges 
T7O0limCorn> - - - - - | 10,76) 5.85. 80.31] 123021 vOge rage 
1762| Corn, - - - - - } 11.68) 6.28 | 78.81) 1.4607 eee 
1763] Corn, - : : : - |10.20| 6.79.| 79.56} 1.60] 1.85 anges 
1764; Corn, - - - =] 129.87 | 6.98 179.04) T2588 81 Ogura mie 
1705| Corn, - - - - «| F413 | 0:16 | 79.62:) <8. 95) kG eee 
1766| Corn, - - - - ~ | 11.14] 5.460 | 80.14 bot. 47 ie ogg 
£770 Com = - - -°| TE .22) 5.20 | 80:27) 1.604 Steg teen 
1708) Corn, = - - - =}19.58 | 5.35 |82)00,| 10733) Sn elerGes 
1769} Corn, - - - - - |. 9.82) 5.347132, 037s iv27) SOG m areas 
P7706) Gorn = - - - = |10,'57.. 5.89 ‘| 80.58 1.11) 45e 280rn steen 
iW ie (eR Gre) enkes - - ~ ~ | 11.40.) 6.735178. 2399 1 yar econ eames 
772) Corn, = - - - 112.401 5°.67.|78.46 1) 1,60)50esr | enone 

















* These include hay from mixed grasses as well as rowen from mixed grasses, 
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° : vo | | =. 
a B= : pe 38 _: Lo 
a FEEDING StTuFrFs, 2 & ae 2 | a | iti 
x b 4 fy | 5 O 
4 Qy Zi 1° fy Ay 
Seeds, % % % a 3 | Cal. 
1773) Corn,-- : - - - | 10.91 | 5.56 | 80.62| 1.26 | 1.65 | 1965 
1774) Corn, - - - - - | 10.96) 6.55 |}78.94| 1.54 | 2.01 | 1975 
775\.. Cet, - “ - " - | 12.04| 6.36 | 78.34] 1.30 | 1.96 | 1975 
Average (20), | 10.57; 5.97 | 80.11/ 1.57 | 1.78 | 1965 
Average all analyses. (I 73), 11.08 5.75 | 79.78) 1.65 | 1.74 | 1965 
1706| Oats, - E = : - | 14.85 | 6.55 | 68.13/].7.23 | 3.24 | 1955 
Otay 12,37 | 6.46 | 68.07 | 8.697" 1-3.500 Wlo4s 
1708] Oats, - = - - =)02-07 0227", 6855809 .79 awa | 1945 
1709} Oats, - “ - - - |12.74| 6.36 | 70.56] 7.32 | 3.02 | 1950 
£7 IG Oats; « - - - - | 14.12] 6.52 | 68.77! 7.61 | 2.98 1955 
T7 ite rats. i= - - = sip i2,024 O1d5) 91 2G9 7248 (3,02 1955 
E7eopeCats.-« - - - - | 11.89 | 6.04 | 69.29} 9.78 | 3.00'| 1945 
7 PSie Oats» = - - . - | 12.07] 5.97 | 69.03} 9.78 | 3.15 | 1940 
1714 Oats; - - = - - |12.79} 6.17 | 70.83} 7.26 | 2.95 | 1950 
1715| Oats, - - - - = (LF. L74edegde! OOnel oS toi oer | 1950 
1716} Oats, - - . - = | 12.90)°6,26,. | 67.97} 9.40. | 9247 | 1945 
ur ily Oats, - - = 1S. 23S e00 HOI ODN O277 1-325 | 1940 
Average (12), - _- | 12.89} 6.27 | 69.16! 8.49 | 3.19 | 1950 
Average all Preivees (50), | 14.61; 5.97 | 66.52/ 9.76 | 3,14 | 1945 

Milling and By-Products, | | / 
1588} Corn meal, - - : - | 10.44 | 6.20 | 79.53] 2.03 | 1.80 | 1970 
1598; Corn meal, - - < a1 22085,,.0.07) 78.12) 21081 1.65. 1975 
1620, Corn meal, - - - LP BRU S106 79230) 2.471 17s | Ig50 
Average (3), - - -{| 11,80) 5.79 | 78,99! 2.19 1.73 1965 
Average all analyses (23), 11.07 5.19 80.96) 1.81 el Git 1050 
1615, Buffalo gluten feed, - 220.95 |-5.72 | 57.25) 6,03.) 1-85 | 1960 
Average all analyses (6), - 24.71 /18.13 54.31 6.63 | 1.22 | 2145 
1594 Chicago gluten meal, - =(30.51 | 8.55. 49.791 4.3§.| 7.80 | 204s 
1614, Chicago gluten meal, - - | 46.93 | 5.74 | 43.93] 2.40 | 1.00 | 1980 
Average (2), - - | 41,72} 7.15 | 46.86| 3.87 | ..90 | 2015 
Average all analyses (7), - | 88.83} 6.91 | 50.25) 2.98 | 1.03 | 2005 
1616) Linseed oil meal, - =| 41278 17.33 1-35.70 | 9.38 | 5.72 | 1925 
Average all analyses (10), | 87,69, 5.86 41.75 8,46 6.2 | 1885 
1590} Wheat bran, - - =f 9092-1 5457) 0071 711 8. 44°16 22 | 1875 
1595| Wheat bran, - - =P 19305 }e4 707) OO.164 9.907475. 91 | 1870 
1597| Wheat bran, : : “| 19.52) 6.16 | 58.70} 9.91 | 5.72 | 1900 
1603) Wheat bran, winter, - - | 19.28] 4.69 | 59.64) 9.54 | 6.85 | 1845 
1604) Wheat bran, spring, - “Nine ef 1e0,05 bS0xTA 110, 36 | §.68 | Ig00 
1619} Wheat bran, = : PvbrOray #5 O01.) Or. 66) "Bugg cies er | 1875 
1643| Wheat bran, coarse, - - | 16.41] 5.85 | 59.26 |11.96 | 6.52 | 1875 
Average (7), - 18,87; 5.45 59.80 9.82 6.06 1875 
Average all analyses: (38), 19.01} 5.60 59.25 10.02 6,12 _ 1880 
1589) Wheat middlings, - pO LOne Ped. 40 |70.G3.| 3600" (02. 71 _ 1915 
1601; Wheat middlings, winter, - 19.99} 4.22 66.35 | 5.84 | 3.60 1890 
1602) Wheat middlings, spring, - | 22.48) 6.22 53.90 17.431) 4.07 | Tors 
_ 1644; Wheat middlings, ~ “peo. 4k 0,32) 5739. 110.48 | 5.42 | 1905 
mvetagre, (4) sir onuiies 20.44; 5.29 63.389) 6.71 4.17 1905 
Average all analyses (16), | 20.45] 5.66 | 62.85 6.61 4.43 1910 
ee 
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METEOROLOGICAL OBSERVATIONS. 





BY, Ci SPAR LES: 


The meteorological observations made at the Station during 
1896 have been similar to those of past years. The Station 
equipment consists of the ordinary instruments for observing 
temperatures, pressures of the air, humidity, rainfall and 
snowfall, uniform with those used by voluntary observers for 
the United States Weather Service. In addition to the records 
made at Storrs, the rainfall for the growing season has been 
recorded by quite a number of farmers in cooperation with the 
Station. ; 

The total precipitation for the year (40.6 inches), as 
measured at Storrs, was considerably below the average yearly 
rainfall for this State. “The average for Connecticut from 
observers having records covering more than five years prior to 
1896, as given by the New England Meteorological Society, is 
48.5 inches. ‘The average at Storrs for the past eight years is 
44.2 inches, and the average from fifteen observers of the New 
England Meteorological Society in the State having records 
covering the five years prior to 1896 is 44.7 inches. ‘The 
rainfall was unusually large during the months of February 
and March, while April, May, and June gave an unusually 
small amount of rainfall. The rainfall throughout the re- 
mainder of the growing season was sufficient to keep up a fair 
growth of nearly all crops. The drouth early in the season 
was sufficiently severe to check the growth of grass and some 
garden crops, the hay crop being quite light. 

The temperature for January was much below the average, 
while February and March were about normal. The spring 
opened quite early, April and May being mild and favorable 
for farm work. The last damaging frosts in the spring 
occurred on the rst and 2d of May. ‘The summer season was 
notable for several periods of extremely high temperature. 
Most farm crops except hay made a very fair growth. A light 
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frost occurred September 20th, and the first killing frost on 
September 24th, thus giving a growing period of 144 days 
after the last severe frost in the spring. The average growing 
season at this Station for the past eight years has been 145 
days. ‘The fall months were unusually wet, and unfavorable 
for harvesting corn. 

Through the kindness of the New Kngland Meteorological 
Society we are able to publish the rainfall records from twelve 
of their Stations in Connecticut. 

Table 75 gives the rainfall as recorded for the six months 
ending October 31st for twenty localities in the State, and 
table 76 gives the summary of observations made by the 
Station at Storrs. 


TABLE 75. 
Rainfall during six months ending October 31, 1896. 












































INCHES PER MonrtTu. 
Locatity. OBSERVER. | | F 8 es 

| a ee | fe 3 5) 2 a 

ed S = Q ~ re 

Se a View. tk en ules 
Falls Village, - | M. H. Dean, -./3.39/2.53/6.67/4.25/6.25 3.10|26.19 
Norwalk, - - | G. C. Comstock,* - /5.33)4.26/4.71/2.53/5.42/2.22/24.47 
Bridgeport, - - | Wm. Jennings,* - |4.81/3.88)3.45/2.19/5.40/2.45/22.18 
Waterbury, - - | N. J. Welton,* 2.34/5.71/3.16|2.67/5 .01/2.77/21.66 
Canton, - ee Wc Grs Os (ASG, 6 = - |2.93/3.80)3.39/4.12/6.58/3.73/24.55 
West Simsbury, - | S. T. Stockwell,* - |2.863.63 4.57.3.02/5.96/3.16 25.20 
Southington, - | Lumen Andrews,*- |2.91/5.30/3.23|3.20|6.13|3.30|24.07 
New Haven, ~— - | Weather Bureau,* - |3.67 2.96/3.86/2.57/3.42/2.91|/19.39 
Newington,- - J. S. Kirkham,  - |2.62'5.41/2.39 3.04/2.8513.85/20. 16 

Hartford, - - | Prof. S, Hart,*  - |2.51/4.63/2.40|4.84| — |3.65| — 
Vernon Centre, -|E.H. Lathrop, - |2.15'4.26/3.61/3.24/4.15 4.54/21 .95 
South Manchester, | K. B. Loomis, - |2.40/3.43/2.85/3.54/5.21/4.00/21.43 
Middletown, - | C. W. Hubbard,* - |3.00| .36/2.72/2.59/5.26|4.31/22.24 
Madison, - cai) ot)» eelsey. - |4.09/3.25|4.35/3.37/5.34/3.57/23.97 
New London, - | Weather Bureau,* - |2.17/1.72/3.64/3.60|2.49/3.37|16.99 
Colchester, - aioe be Willard;* « “= 44.97/3.00 2.45'4.05'6.60/4.65/25.72 

Lebanon, - - | E. A. Hoxie, - |4.49/3.48/2.26/6.8616.26, — | — 
Northybtanklin, w-e si. Lathrop, ~=-15 .52 2.29 1.59/3.70/4.58/3.62\21.30 
Storrs, - - - | Experiment Station, |2.72/1.78)3.22/2.71/7.03/3.60\/21.06 
Voluntown, - - | Rev. C. Dewhurst,* 2.39/2.473.89/2.77/6.25/3.05/20.82 
Average, - - - - - 3.35 3.603.42 3.445.293.4729 30 


* New England Meteorological Society Observer. 
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